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ABSTRACT 
Chapter 1. 	Some general aspects of the chemistry of platinum 
and palladium are discussed. 
Chapter 2. 	The preparation of Ph 4As[ Pt(S2COR) 3 1 (R=Et, LPr) 
is described. 	Variable temperature 1Hnxnr studies indicate rapid 
unidentate/bidentate exchange at ambient temperature. 	Attempted 
recrystallisation from CH 2C1 2 or CDC13 results in an intramolecular 
rearrangement to give Ph 4As[ Pt(S 2CO).(S 2cOR) '.1. 	Reaction of 
Pt(S 2COR) 2' with KS 2COR/Ph4AsC1 (R=rMe,Bz) generates 
Ph4As[ Pt(S 2CO)(S 2COMe)] or (Ph 4 As) 2 [ Pt(s 2Co) 2 1 both of which 
give Pt(S2CO)L2 on addition of various Lewis bases L. 
Chapter 3. 	MX(S-S)PR3 is prepared a) by reaction of 
Pd(S 2PPh2 ) 2PR with excess AgX (X=Cl, Br, I, SCN), b) by reaction 
of equimolar amounts of [ MX2(PR')] 2 and alkali metal dithioacid 
salts. 	Reactions of MX(S-S)PR with (S-S) and Lto form 
M(S.-S)(S-S)PR and M(S-S)PR 3L' l + are described. 	Th complexes 
Pd(OOCCH3 ) 2L 2 and 	Pd(OOCCH3)2L) 2  (L=PPh3 , AsPh, PMePh2 , PMe2Ph) 
formed either by reaction of [ Pd(OOCCH 3 ) 2 ] 3 with L or by reaction 
of [Pd61 2L 1 2 with AgOOCCH3 were also investigated. 
Chapter 4. 	The chloride bridged dimers [ PdCl(S-S)J 2 were 
prepared by reaction of PdCl 2 (C 8H12 ) (C 8H12=cycla-octa -1,5--diene) 
with equimolar amounts of various alkali metal dithioacid salts 
(S-S=Th 2CNEt,Th 2COEt,Th 2PMe2 ). 	Cleavage of those compounds 
with Lewis bases L (L=AsPh 3 , SbPh3 , C 5H5N) or MCl/NC 
(M=Ph4As, Ph3PhCH2P) gives PdCl(S-S)L and M [ PdCl 2 (S 2CNEt2 ) ] 
respectively. The compound Pd(S 2CNEt2 )(S 2PMe2 ) was formed and 
reacts with PPh3 to give Pd(S 2CNEt2 )(S 2PMe 2 )PPh3 which contains 
bidentate S 2CNEt2 and unidentate S 2PMe 2 groups. In contrast, 
reaction of PtC1 2 (C8H12 ) and NaS2CNEt2 .3H20:gives 
ptCl(s 2CNEt2 )1 28hu12 	which reacts with PPh3 to give 
PtCl(S 2CNEt2 )PPh3 and with S 2PMe 2 to give Pt(S 2CNEt2 )(S 2PMe 2 ).. 
The latter then reacts with PPh 3 to form Pt(S 2CNEt2 )(S 2PMe2 )PPh3 . 
Chapter 5. 	Prolonged reaction of Pd(S 2PMe 2 ) 2 with excess 
P(OR)Ph 2 (R=Me,Et) gives Pd(S 2PMe2 )(Ph2PO)(Ph2POW shown by 
spectroscopic evidence and X-ray structural analysis to contain the 
symmetrically hydrogen bonded Ph 2POHOPPh 2 ligand. Similar compounds 
M(S-S) (Ph2PO)(Ph2POH) M=Pd; S-S=S 2PPh 2 ,S2CNEt2 ; M=Pt; 
S-S=S2PNe 2 ,S 2CNEt2 ) were also prepared. 	A study of the 
Pt(S 2CNEt2 ) 2/P(OMe)Ph2 reaction resulted in the isolation of the 
intermediates 	Pt(S 2CNEt2 )(P(0Me)Ph2 ) 2 I X (X=BPh4 ,Cl) and 
Pt(S 2CNEt2 )(Ph2PO)(P(OMe)Ph 2 ) and a mechanism of formation of 
Pt(S 2CNEt2 )(Ph2PO)(Ph2POW involving both nucleophilic attack on 
a P-OMe bond and subsequent hydrolysis of a P-OMe bond is proposed. 
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CHAPTER 1 
Some Aspects of Palladium and Platinum Chemistry 
1.1 	Introduction 
Since their discovery in 1741 and 1803 respectively the 
elements platinum and palladium have been studied extensively and 
their chemistries have been of considerable importance in the 
development of the areas of co-ordination and organometallic 
chemistry and, in particular in catalysis and anti-cancer studies (Pt). 
Some of the similarities and differences in the chemistries 
of Pd and Pt, and where appropriate, a comparison with, the chemistry 
of Ni, will be outlined briefly. 
1.2 	Oxidation States  
By far the most common oxidation state for Pt, Pd and Ni 
is the divalent one and innumerable compounds of Pt (II) and Pd (II) 
have been synthesised. (see 'later) 
Platinum and palladium also form a number of compounds in 
which the metals are formally tetravalent although' there are many 
more Pt (Iv) than Pd (IV) complexes. 	The (IV)' state is rarely 
found in Ni chemistry and thus, the general trend of increased 
stabilisation of the higher oxidation state' complexes on descending 
a transition metal triad is followed. 
Compounds of platinum and palladium in their zerovalent 
state are also well established and have been prepared with tertiary 
2.3 	23 	 2 	 4.5 	6 	7 
phosphine, -arsine, -phosphite
. , isocyanide, cyanide, acetylide, 
olefin, ammonia 8'  and nitric oxide  ligands. 	Stabilisation of the 
zerovalent state is associated with strong cr donor ligands which are 
also capable of exhibiting 11 acceptor character. 	The fact that 
Pt (Co) 4. and Pd(C0) 4  are found only in an inert matrix at very low 
temperature (unlike Ni(CO) 4 which is a stable complex at room. 
temperature) suggests that for Pt (0) and Pd (0), the former 
criterion is more important since carbon monoxide is one of the 
strongest rr acceptor ligands but is a poor a donor. 
In the previous examples the electronic configurations 
of Pt and Pd are d 1° , M (0) ; d8 , M (II) 	and d6 , M (Iv) 	and, 
in general, in the second and third transition series, even-
electron configurations are more stable than odd-electron 
configurations. 	Thus, neither platinum nor palladium readily 
forms complexes where the metals are in the formal oxidation 
states (I) 	(III) 	or M. 
Pt (I) and Pd (I) complexes are rather rare but two 
relatively recent examples include 
r 	 I 10 bis (tetra-n-propylamrnonium) bis Lcarbonyl dichloroplatinate (1 1) 
which was shown -by X-ray analysis to have structure (I) and 
(R4N) 2 [Pd 2 (co)xJ' 1 	(R=Pr,Bu" ,pentyl; 	X=Cl,Br) 	which, from 
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There is no unequivocal evidence for the existence of 
3 
a stable Pt (III) or Pd (III) compound although Pt (III) 
complexes are thought to be labile intermediates in 
photoexchange and pulse radiolysis of Pt (Iv) derivatives. 12 
A number of complexes which were originally thought to contain 
the metal in oxidation state (III) have since been shown to 
contain two metal atoms, one in the divalent and one in the 
tetravalent state. 	For example, Wolfram's red salt which has 
the empirical formula PtC1 3 (C 2H5NH 2 ) 42H20 has been shown by 
an X-ray study to consist of chains of alternating Pt (Iv) and 
Pt (II) ions with octahedral and square planar co-ordination 
respectively. 
i .e. [Ptv ) cl 2 (C 2 H5NH2 ) 4
] [Pt
:r)c2H5NH24] Cl441120 13 
Palladium forms no compounds in the oxidation state (V) 
14 
whereas PtF5 , 	PtOF3 14 and a series of hexafluoroplatinates (v) 
e.g. Xe[PtF. 	are known in platinum chemistry. 	The discovery 
of the latter compound has led to an expansion in the study of 
the chemistry of the noble gases. 
The only compound which exhibits oxidation state (VI) 
16 	
i in this triad is PtF6 which s extremely reactive being thermally 
unstable and also a very powerful oxidising agent. 
1.3 	 Platinum (II) and Palladium (II) 
Since the following chapters are concerned with reactions 
of complexes containing these divalent metals, the chemistry of 
Pd (II) and Pt (II) will now be considered in more detail. 
1.3 (a) 	Stereochemistry 
Ni (II) complexes with ligands on the left hand side of 
the spectrochemical series (e.g. H2 0, ethylenediamine) tend to be 
octahedral whereas with ligands on the right hand side (e.g. CN) 
rd 
a square planar stereochemistry predominates. 	Thus, the 
tendency to form square planar complexes increases as the 
crystal field splitting parameter () increases. 	Hence for 
Pd (II) and Pt (II) complexes where the value of A is greater 
than for Ni (II) complexes, the most common stereochemistry is 
square planar. 	In spite of vigorous attempts for many years no 
completely proven examples of six co-ordinate Pd (II) have been 
established. 	The complex trans - Pd1 2 (diars) 2 17 has been cited 
as one such example but the long Pd- I bonds (3.52) indicate 
that in the solid state, this consists of cationic square planar 
[Pd(diars) 	2+ units with I groups stacked above and below the2] 
molecular plane. 	 - 
A number of five co-ordinate complexes of the divalent 
metals have been prepared although all involve ligands which possess 
considerable TI acceptor ability e.g. SnCl3 -18 and ligands 
19 
containing P,As and Sb donor atoms. 	Westland, 	in 1965 showed 
that the relative abilities of group 5B elements to stabilise five 
co-ordination was NPAscSb which is also the order of Ti acceptor 
ability of these elements. 	The tendency tc five co-ordination is 
facilitated by an increase in electron density at the metal. 	In 
square planar complexes, there are only three orbitals on the metal 
capable of Ti bonding with ligand orbitals. 	However, in five 
co-ordinate trigonal bipyramid complexes, there are four orbitals in 
a position to undergo Ti bonding (d xz yz xy x , d , d , d 2 -y 
 2) and therefore, 
.  
as more charge is built up on the metal, more orbitals are available 
to delocalise the charge. 
Examples of five co-Ordinate complexes of Pd (1.1) and 
pt (II) containing Tr acceptor ligands are the [PtSnc1 3 J ion and 
5 
PtMeLL'20 (L=hydrotris(1 pyrazolyl) borate; L' = C 2 F4 , maleic 
• anhydride, fumaronitrile, C 2H4 , diethyl fumarate, acrylonitrile 
and methylacrylate). In the latter case, 13 C nrnr spectroscopy was 
used to determine the extent of M-olefin 	back bonding. (The 
olefinic C resonances are substantially, shifted to lower frequency 
on co-ordination and the magnitude of the shift is related to 
M - olefin TI back bonding). 	The complex 
[MX(PR3)2phen]BF4 21 (M=Pd,Pt) which was originally thought to be five 
co-ordinate with a bidentate phenanthroline ligand was later shown to 
be square planar with a dangling phenanthroline group. 
The tendency to form five co-ordinate complexes is greater 
for-Pd (II) than for Pt (II) since the effective nuclear charge on 
the metal increases down the triad and hence the electron density 
decreases. 	Thus Pd (II) complexes are more labile than those of 
Pt (II) since one important difference is that the former is more 
ready to expand its co-ordination sphere to form a five co-ordinate 
intermediate and/or transition state. 	The relative rates of reaction 
of the series of complexes MC1(0-tolyl)(PEt 3 ) 2 with pyridine for M=Ni, 
Pd and Pt are 5x10 6 : 10 5 : 1 	respectively. 22  
The wide spread occurrence of square planar geometry for 
Pd (II) and Pt (II) complexes led to a study of geometrical isomerism 
from which the concept of the trans effect in Pt (II) complexes was 
established. 
1.3 (b) 	The Trans Effect (and Trans Influence 
Basolo and Pearson 23 define the trans effect as the effect 
of a co-ordinated group upon the rate of substitution reactions of a 
ligand trans to it in a metal complex. 	It is important in both 
preparative and kinetic studies. 	The most recent studies 
distinguish between trans effect and trans influence, the former 
being a kinetic effect thus focussing on the activated complex, 
while the term trans influence is employed to discuss the ground 
state weakening effect (thermodynamic). 
a-trans effect: - This theory considers a trans effect which is 
electrostatic in origin and transmitted through a bonds. Of the 
four valence orbitals of platinum participating in a bonding, only 
p orbitals possess trans directing properties and both trans and 
leaving group occupy the same orbital (Fig. 1.1). If the trans ligand 
interacts strongly with the p orbital, the bond to the leaving group 
may be weakened in the ground state. As the entering group 
approaches, the leaving group moves out of the region of overlap with 
p 0 and therefore only the trans group L occupies the p0 orbital 
in the transition state resulting in a small difference in energy 
between ground and transition states for strong a donors. 
Calculations of the overlap of the valence orbitals of a number of 
ligands with the platinum 6p0 orbital 
24 
 has led to a 0 trans effect 
order of H>PR3 >SCN> I CH3 'CO-'CN > B r > Cl> NH3> OH 
IT-trans effect:- In this theory a ligand L which can form ii 
bonds will withdraw some of the electron density of the metal d xz 
orbital from the ligand X in the trans position and therefore, an 
incoming nucleophile will be directed towards X. 	In addition, a 
trigonal bipyramidal transition state in which L, X and the incoming 
nucleophile are all in the trigonal plane will be stabilised by a 
trans group possessing empty stable orbitals of ii symmetry since 
interaction of the filled d orbitals with empty ligand TI orbitals 
lowers the energy of the system. (Fig. 1.2). 	Again, this theory has 
been put on a semiquantitative basis 24 by calculating the overlap of 
the valence orbitals of a number of ligands with the platinum 6p 











=CH2 '__ CO>CN> NO >SCN > I>Br> CT> NH3>OH 
Trans Influence:- This term has been applied to data obtained from 
X-ray diffraction or infra-red studies in which a ligand L is found 
2 to weaken the bond trans to itself . 5,26 The only ligands which 
lengthen the trans metal chlorine bond are those containing 
C, H, P, As and Sias the donor atoms; i.e. those ligands which exert 
their trans effect by a CY mechanism. 	Ligands such as carbon 
monoxide and olefins which exert their trans effect by a ii -mechanism, 
exhibit little or no trans influence. 
1.4 	Platinum Complexes as Anti-tumour Agents 
One aspect of platinum chemistry which has aroused 
considerable interest in recent years is the discovery that some of 
its complexes are potential anti-tumour agents. 
The first active complex reported in 1969 was 
cis-PtCl 2 (NH3 ) 2 27 and it is now being tested clinically in America. 
Use of this complex has however the disadvantage that it causes kidney 
and bone marrow damage and, in addition, has a rapid rate of 
excretion. 	It was suggested 
28 
 that the latter feature could be 
remedied by the introduction of a polymeric nitrogen containing 
ligand bound to platinum. Excretion would then be prevented or 
retarded by the inability of the macromolecules to pass through 
semi-permeable membranes. 	Phosphazenes [NP(NHIIe) 2], [NP (NHIV1e) 2 ] 
[NPMe2] 4 were therefore reacted with K2PtC14 in organic media to give 







V N NR 
(3) 
These complexes have shown significant anti-tumour behaviour in 
preliminary tests. 	The phosphazenes also react with K 2PtC1 4 in 
aqueous media to yield salts of the type [H2N4P4R8]IPtc14I 
which are the first charged platinum complexes to show anti-cancer 
activity. 
A proposed mechanism was reported recently 29 as a result 
of reaction of the anti-tumour agent 
cis -- (3, 4 diaminotoluene) dichloroplatinum (II) with adenosine, 
cytosine and guanosine. 	Reaction with guanosine(4) resulted in a 
complex where guanosine was firmly bound to platinum through N7 








Recent results give evidence for specific binding of 
10 
cis - PtC1 2 (NH 3 ) 2 to DNA rich in guanine and cytidine. 	Isolation 
of the above chelate suggests that the oxygen (06) is no longer 
available to form the necessary hydrogen bonds with cytidine. 
1.5 	Some Platinum (II) and Palladium (II) Complexes with 
Oxygen and Sulphur Ligands 
Another reason which accounts for the considerable interest 
and extensive research in platinum and palladium chemistry is that in 
the divalent oxidation state both metals form complexes with 
ligands containing donor atoms from most groups of the periodic 
table. 	It has been shown 
30,31 
 that metal ions can be divided into 
two groups; class 'a' (or hard acid) and class 'b' (soft acid). 
The former prefer to form complexes with elements of lower atomic 
number within a given group (hard bases) whereas the latter form 
more stable complexes with elements of higher atomic number (soft 
bases). Pd (II) and Pt (II) are both class 'b' metal ions and thus 
the stabilities of the halide complexes decrease in the order 
I>Br>Cl> F. 	Similarly, both form stronger complexes with sulphur 
than with oxygen containing ligands. 
Very few alkoxy complexes of soft metals are known. 	Until 
recently, there were only two examples, namely Pt(C6H9)(OMe)(dppe) 32 
(C 6H 9=cyclohexenyl, dppe=Ph 2PCH2 CH 2PPh 2 ) and [Ir(N0)(0R)(PPh3 ) 21. 33 
However, recent research 
34 
 has shown that reaction of 
MC1R(PPh3 ) 2 (R=aryl or alkenyl) with NaOMe gives M(OMe)R(PPh 3 ) 2 
which on hydrolysis forms M(OH)R(PPh 3 ) 2 . 	It was stated that the 
stability and nature of the M-OR bond (R =Me, H) is influenced 
by the identity of M and the trans ligand R. 	The anionic 
character of OH I and OR was found to increase in the order Pt<Pd 
and C 6F(CC1=CC1CH=CC1(Ph i.e. a high trans influence of R 
11 
renders the trans 0H group more anionic through the inductive effect. 
The chemistry of hydroxy and alkoxy complexes of the later 
transition metals is of interest because of the anticipated 
reactivity and the possibility of use in organic synthesis. 
• 	 Reactions of M(S-S) 2 EM=Pd, Pt; (S-S) =S 2PR2 35 ' 36 ' 38 
-S 2CNR2 , 37 ' 38 S 2COR, 37 Th 2P(OEt) 2 7 S2 PF 2 39]with tertiary 
phosphines have been studied in detail and have been shown to occur 
by stepwise cleavage of sulphur bonds to generate four co-ordinate 
adducts M(S-S) 2PR3 (5) and [M(s-s) (PR) 2 ] (S-S) (6) respectively 






The solid state structure of (5) (M=Pd; (S-S)=S2PPh 2)  
R=Ph and M=Pt; (S-S)=S 2CNEt2 , PR3=PMePh2 ) has been confirmed by 
X-ray structural analysis. 
The 'Hninr spectra of (5) were found to be temperature 
dependent 36-39  and it was suggested that at high temperatures there 
is rapid exchange of unidentate and b±dentate dithic ligands 
(equation[1] ) to produce an averaging of the magnetic nuclei 
attached to the dithio ligands whereas at lower temperatures, 






Fackler et al 40-42, 	on the other hand interpreted this 
temperature dependence in terms of a metal centred rearrangement of 
a long lived five co-ordinate intermediate (see Chapter 3 for 
further discussion of this interpretation). 
A full line shape analysis was carried out on the complexes 
Pt (S 2PMe) 2 ER  38 (ER3 = PPh3 , PPh 2 C 6 F 5 , AsPh3 ), Pt(S 2CNEt2 ) 2 PPh3 
and Pt(S2P(0Et 22  PPh3 in order to obtain accurate activation 
energies and also enthalpies and entropies of activation of the 
rearrangement processes. 	(For Pt(S 2PMe 2 ) 2 PR3 (PR3 PMePh 2 , PMe2Ph) 
and all palladium 1 : 1 adducts, the rate of rearrangement was 
too rapid even at low temperatures to obtain kinetic parameters). 
It was found that the rates were concentration independent 
indicating an intramolecular process, and solvent independent 
indicating the absence of solvent assisted bond rupture. However, 
the rate was dependent on L and decreased in the order 
PMe 2PhPMePh>>PPh2C 6F5 PPh3>AsPh3 indicating that cleavage of the 
M - S bond trans to L is important in the rate determining step. 
In addition, lower enthalpy values were obtained for the stronger 
nucleophiles which suggests that a bond making process is also 
involved (equation [2]). 	The small negative entropy values 











36-38 It has been shown 	that all the ionic complexes (6) 
readily revert to (5) in the presence of non-polar solvents. 
Variable temperature 1Hnmr studies of 
[Pt(S 2CNEt2 )(PMePh)2 ) ( s 2CNEt2 ) 37 indicate that the following 
equilibrium [3) is rapidly established. 
[Pt(S 2CNEt2 )(PMePh2 ) 2 ] (S 2CNEt2 )Pt(S2CNEt2 ) 2 (PMePh2 )+PMePh2....[ 3] 
At room temperature, the equilibrium lies to the right hand side. 
On cooling the solution the equilibrium shifts to the left hand 
side, while on further cooling, the spectrum corresponded to a 
"frozen-out" ionic 'structures (6) due to the slower exchange 
between ionic and bidentate dithiocarbamate groups. 
If reaction of Pt(S 2CNEt2 ) 2 with excess PR3 . was carried 
out in CH 2Cl 2 7 [Pt(s 2cNEt2 )(PR3 ) 2 ] Cl.H2 O (7) and CH 2 (S 2CNEt2 ) 2 
were isolated. 	The latter was also obtained in high yield by 
shaking a mixture of NaS 2CNEt2 .3H20, CH2C1 2 and a tertiary 
phosphine for 12h. 	In the absence of PR3 , the product was obtained 
in high yield only if the sodium salt and the solvent were 
scrupulously dried. 
The mechanism for the formation of (7) was thought to 
be via [Pt(S 2CNEt2 ) (PR3 ) 2 ] (S 2CNEt2 ) as dissolution of 
jPt(S2CNEt2 )(PR3 j (S2CNEt2 ) in CH 2C1 2 also led to its isolation. 
14 
(7) was also obtained by reaction of Pt(S 2CNEt 2 ) 2 with excess PR  
in CHC1 3 containing ethanol as stabiliser. 	However, in the 
absence of ethanol, only attack of S 2CNEt 2 at the metal occurred. 
Although reaction of Pt(S 2 COR) 2 or Pt(S 2POEt} 2 ) 2 with 
PR  (1 : 1 molar ratio) 37 led to the formation of a complex of 
the type (5), reaction with excess tertiary phosphine did not 
give (6). 	The complexes formed in this case were (8) and (9) 
respectively. 
R3 P 	7S. 
'Pt 	c=O 
. 7 
R3  	S 





The reaction between Pt(S 2COR) 2 and PR3 is thought to 
occur by stepwise cleavage of the M - S bonds to give the 1 : 2 
ionic intermediate followed by nucleophilic attack of the xanthate 
anion on the alkoxy group to give the neutral dithiocarbonate complex 
and a xanthate ester. 





ROC 	1L PR 







Although the intermediate cation was too unstable to be 
isolated with Th 2CORaS its counter anion, it could be trapped out 
by addition of NaBPh4 to an acetone/methanol solution of 
Pt (S 2COEt) 2 and excess PR  within 30s of mixing. 
It was found that platinum complexes undergo these 
rearrangements more easily than palladium complexes and also that 
CS  inhibits the rearrangement relative to CHC1 3 . 	These 
observations were rationalised in terms of the tendency of platinum 
to form the ionic 1 : 2 adducts more readily than palladium and 
the requirement of a fairly polar solvent to promote the formation 
and stabilisation of the ionic intermediate.. 	The greater stability 
of the ben zyl carbonium ion generated in the transition state 
accounts for the fact that the benzyl group is eliminated more 
readily than the ethyl group. 
In cases (e.g. M=Pd, (S-S)=S 2PMe2 ) where it was not 
possible to isolate (6) before it readily rearranged to (5), 
addition of BPh4 or PF6 to solutions of the ionic species gave 
[M(S 2 PR2 )(PR3 ) 2 ] X (M=Pd,Pt; R=Me,Ph; X = BPh, PF) 38 . 
Dissolution of one of these complexes[Pd(S 2PPh2 )(PPh)] BPh4 
in CH 2X2 or CHX3 (X=Cl,Br) resulted in rearrangement to the 
neutral species PdX(S 2PPh2 )PPh3 . 	It was again found that a trace 
of ethanol in the solvent (CHC1 3 ) was required and also that the 
rate of rearrangement was enhanced by addition of alcoholic KOH 
solution. 	It was suggested that the function of EtOH was to 
provide traces of base in order to facilitate formation of halide 
ion from the solvent. 	Rearrangement also occurred on dissolving 
the BPh4 complex in acetone solution containing added halide ion. 
16 
The rearrangement was specific to palladium complexes 
due to their greater lability, coupled.with the lower stability of 
these ionic palladium species compared to the corresponding platinum 
complexes. It was also found that the presence of BPh 4 is 
necessary and a mechanism was proposed which involved either a ii or 
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(ii) 
Infra red (ir) studies of complexes containing 
. 	 . diphenylphosphinodithioate 36  and dimethylphosphinodithioate 38  
have resulted in an empirical correlation between the mode of 
co-ordination of the dithio group and the presence of certain ir 
bands. 	Thus, bidentate co-ordination of S 2PPh2 was 
characterised by bands at 603, 570 cm 1 , unidentate at 645, 540 cm' 
-1 and ionic at 650, 560 cm , whereas bidentate co-ordination of 
S2PMe 2 gave a band at 570- 580 cm 	at 600 - cm-1 and 
ionic at 610 cm- 1. These band positions have been used to infer 
the types of bonding in other S 2PPh2 and S 2PMe 2 complexes (see 
later). However, because of extensive coupling of vibrations 
17 
in these low symmetry complexes, no attempt was made to assign 
these bands to any specific mode of vibration although they were 
thought to contain an appreciable contribution from PS stretching 
vibrations. 
In contrast to reactions of M(S-S) 2 with PR3 , those of 
[Pd(ooccH3 ) 2] 3 with PR3 led to isolation of complexes containing 
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Similar complexes are formed with nitrogen, arsnic, antimony, sulphur 
and oxygen donor ligands. 	However, a conductivity study of the 
reaction of [Pd(ooccH3)213 with excess PPh3 has indicated the 
existence of an ionic intermediate although attempts to isolate it 
have to date proved unsuccessful 5 
This difference in reaction between'dithio and dioxo 
ligands could be due to several factors. 	First, sulphur has a 
greater affinity for palladium than has oxygen (see earlier) 
Secondly, a four membered ring system is considerably strained but 
the angle at sulphur can be smaller than the angle at oxygen. 
Thirdly, the empty 3d orbitals on sulphur leads to greater stability 
by delocalisation of electrons via du - du interactions. 
Acetylacetonate ligands tend to be bonded to the metals 
through both oxygen atoms since a six membered ring is considerably 
18 
less strained. However, it was recently 46 reported 	that reaction 
of Pt(acac) 2 with PEt3 in diethyl ether at low temperature gave 
Pt(acac) 2 (pEt3 ) 2 which was characterised (on the basis of nmr, ir 
and elemental analysis) as the first example of a transition metal 
complex containing unidentate oxygen bonded acetylacetonate groups 
(n.b. there are however several examples of carbon bonded acac - Pt 
compounds). 
Preliminary studies on reactions of M(SOCPh) 2 (M=Pt,Pd) 
with excess PR  and other Lewis bases indicate that complexes 
containing unidentate monothiobenzoate ligands bonded through 
45 
sulphur are obtained, which is consistent with the above explanation. 
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Reactions of Palladium (II) and Platinum (II) Xanthates with 
Xanthate Ions. 
2.1 	Introduction 
When aqueous solutions of Ni (II) were treated with an 
excess of ethyl xanthate, tris(ethyixanthato)nickelate (II) anion was 
formed, which was isolated by addition of a large cation 
L(CH3 ) 6HN]. 47 The complex was found to be paramagnetic and its 
electronic spectrum was similar to those of octahedral adducts with 
neutral bases, for example Ni(S 2COEt) 2 (Py) 2 . (It is now well 
established 48 that when reaction occurs between 
Ni(S-S) 2 (S-s-  = S2CNR2 , S2COR, S 2P(OR) 29  S
2 PR2 etc.) and most 
nitrogen and phosphorus donor ligands (L), either five co-ordinate 
and/or six co-ordinate Ni(S-S)
2
L 2 adducts are formed depending on the 
nature of the ligands used; 	c.f. reactions of M(S-S) 2 (M = Pd, Pt) 
with L in Chapter 1). 	X-ray studies of [Ni(S 2COEt) 3] 	have since 
confirmed the electronic spectral evidence and have shown the anion to 
be six co-ordinate with an octahedral environment in which each of 
the 0- \ethdithiocarbonato (xanthate) ligands are bidentate. 
The tetraethylammonium salts of the manganese (11)50  and 
iron (II) 51 trisxanthato complexes have been shown to be isostructural 
with the Ni (II) complex and have therefore, also been assigned an 
octahedral stereochemistry. 	The analogous lead complex 
Et4N[Pb(S2COEt)3] 51 was also found to be six co-ordinate with each of 
the sulphur ligands bidentate; 	however, the environment of the lead 
atom is based on a pentagonal bipyramidal structure with five co-planar 
sulphur atoms at the corners of an almost regular pentagon, the sixth 
sulphur atom occupying one apical position while the other apical 
20 
position is ideally suited to accommodate a directed lone pair of 
electrons. 
Other examples of trisxanthato complexes in main group 
52 	 53,54 
chemistry include Et 4N[Cd(S 2COEt) 3 ] and Et4N[Te(S2COEt) 3 ] 	both 
of which are five co-ordinate with two xanthato groups 'functioning 
as bidentate ligands and the third bonded through only one sulphur 
atom. On the basis of X-ray structural analysis, the former was 
assigned a tetragonal pyramidal structure (the four basal sulphurs 
were approximately planar) (14) while the latter was shown to have 










A palladium (II) complex containing three co-ordinated dithiàlate 
ligands was prepared 55 by reaction of Pd(S 2PF2 ) 2 with Pr4N(S2PF2 ). 
The low temperature F ninr spectrum of the complex thus formed, 
Pr4NIPd(S2PF2)3], contained a doublet of intensity 1 with 
PF='313 and a doublet of intensity 2 with 
J PF1209 	The 
former coupling constant matched that of the groups in Pd(S 2PF2 ) 2 
and was assigned to the fluorine atoms in a chelated 
difluorophosphinate ligand. 	The smaller coupling constant was 
thought to reflect singly co-ordinated ligands. Hence, the anion 
was assigned the following structure (16). 
0 
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S 2 PF2 1 
F2 P< Pd 
	 I 
L • s PF2j 
(16) 
An analogous gold complex Au(S 2CNEt 2 ) 3 56was shown by an 
X-ray structure determination to have the same structure i.e. four 
co-ordinate and square planar with one bidentate and two unidentate 
dithiocarbamato groups. 
2.2 	 Nucleophilic Attack. on Co-ordinated Xanthates 
It has already been stated (Chapter 1) that reaction of 
M(S 2COEt) 2 with excess PR generates the complex M(S 2CO)(PR) 2 
by nucleophilic attack of the xanthate anion on the alkoxy group 
of a co-ordinated xanthato ligand (equation [4] ). 
[: 	
M—Rs2 COR 
RS2COR 	. 	 M 7C=O - - - - - - -.- [41 
R /3  P 
Similarly, nucleophilic attack on a co-ordinated 
xanthato group was observed in the reaction of mer-RhC1 3 (PMe 2 Ph) 3 
with KS 2COEt57where four products'(18-21) were isolated when a. 
polar solvent was used. 	(Scheme 2.1). 	In this case, nucleophilic 
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which contains one co-ordinated dithiocarbonato ligand, and further 
attack by either the xanthate ion or chloride ion on a second 
ethoxy group gave compound (21) which contains two co-ordinated 
dithiocarbonato ligands. 
2.3 	 Results and Discussion 
2.3.1 	Reaction of Pt(s 2coR) 2 with KS 2COR (R=Et, 1Pr) 
It was shown previously58 that reaction of Pt(S 2COEt) 2 
with excess Ph 4As(S 2COEt) in dichioromethane followed by the 
addition of diethylether. gave a yellow crystalline solid which 
was a 1 1 electrolyte in nitromethane and analysed closely for 
Ph4As [Pt(s 2coEt) 3 ] (22). 	This compound was also prepared by 
reacting Pt(S 2COEt) 2 with a 5 molar excess of KS 2 CÔEt in acetone 
followed by addition to methanolic Ph 4AsC1.HC1. An X-ray 
structural analysis of (22) has shown that, unlike the nickel 
analogue, the platinum (II) ion remains four co-ordinate by binding 
to one bidentate and two unidentate xanthato groups (Fig. 2.1). 
Distances and angles relating to the co-ordination of the platinum 
atom are given in Table 2.1. 	The co-ordination of the platinum 
is essentially planar, the maximum deviation from the plane of 
Pt (I), .s (I), S (2), S (4), and S (5) being 0.18. 	The 
unidentate groups have the non co-ordinated sulphur atoms almost at 
the maximum possible distance from Pt (I) and lie 0.9 and O.6 
from the plane of co-ordination. 	The oxygen atoms of these molecules 
apDroximate very rouahly to axial liaands. but are still over 
from the platinum. 	They both lie 1.5R from the plane of co-ordination 
but make angles approximating to 60 or 1200  at Pt (I) with the 
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the determination, the arsenic co-ordination and the geometry of 
the xanthato groups are normal. 
The complex Ph4As [Pt(S2CO'Pr) 3] (23) was similarly 
prepared. Evidence for the retention of the four co-ordinate 
structure in solution is obtained from studies of infrared 
and electronic spectra.' Thus, there is a close similarity between 
mull infrared and solution infrared spectra (see experimental section) 
and also between the electronic spectrum of (22) and those of other 
well established square planar Pt (II) complexes (Fig 2.2). 
1Hnmr spectral studies provide additional evidence for 
the retention of a four co-ordinate structure in solution. 	The 
low temperature (233K) spectrum of (22) in CDC1 3 consists of two 
sharp methyl triplets at 1.458and 1.28Sof relative intensity 
1 : 2. 	Two overlapping methylene quartets centred at 4.43S are 
also observed. Similarly for (23) at 233K, two sharp doublets 
assigned to methyl protons at 1.47c and 1.29S also of relative intensity 
1 	2 are observed (Fig 2.3) in addition to a weak multiplet of 4.50 
from the methine protons. A comparison was made with the related 
compound Pr4N[Pd(S2PF2 ) 3] 5 	the low temperature 19F nrnr spectrum 
of which showed two doublets of relative intensity 1 : 2 with P - F 
coupling constant consistent with bidentate and unidentate 
co-ordination of the S2PF2 groups respectively. 	(See Introduction 
2.1). 
On warming (22) to 301K the methyl signals broaden but these 
nmr changes are reversible and concentration independent. 	The 
methyl doublets in the 1}Inmr spectrum of (23) also broaden when the 
temperature is raised. 	(Fig 2.3). 	For the [Pd(s 2PF2 ) 3] - ion, 
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Variable temperature 1 H nmr spectra of (Ph As)[Pt(S 2CO1 ) 
(-CH 3 region only) 
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temperature and, again, re-cooling gave the original low temperature 
spectrum. This temperature dependence is therefore consistent with 
a facile intramolecular unidentate/bidentate scrambling process at 
higher temperature similar to that proposed to explain the spectra 












However, further warming of (22) and (23) (Fig 2.3) to 
323K produces additional sharp resonances which do not disappear on 
cooling. This irreversible rearrangement reaction (see below) 
before the coalescence temperature could be reached made it 
impossible to obtain useful kinetic parameters for the unidentate/ 
bidentate exchange. 
Compounds (22) and (23) are two of the few examples of 
transition metal complexes shown unequivocally to contain unidentate 
xanthato groups. 	Other recent examples include 
M(S 2COEt) 2PPh3 , (M=Pd, Pt) 37 , 	3-2-methylallyl) Pd(S2COMe)PMe2Ph, 59 
and RhC12(S2COEt)(PMe2Ph)3.57 
29 
Attempted recrystallisation of (22) from either 
dichioromethane or chloroform solutions results in the formation of 
an orange-yellow crystalline product (24) which contains extra 
infrared bands at 1678(m) 1600(s) and 1576(m) cm. 	These values 
are similar to the characteristic frequencies reported for the 
dithiocarbonato ion in Pt(S 2CO)(PMePh2 ) 2 37 (1691(s), 1681(sh), 
1615(s) cm) and trans Rh(S 2CO)(S2C0Et)(PMe 2  Ph) 2 7 (167o(br); 
1698(s) cm). 	Analytical data (Table 2.2) confirm that (24) is 
Ph4As [ Pt(S 2CO)(S 2COEt)] . 	Similarly, recrystallisation of (23) 
from either CH2C1 2 or did 3 results in the formation of 
Ph4As [Pt(S 2CO)(S 2CO 1Pr)] (25). 	Compounds (24) and (25) are also 
formed, although more slowly, on leaving methanol/diethylether or 
acetone solutions of (22) and (23) respectively to stand for 24h. 
Ph4As [ Pt(S 2C0R) 3 1 (R=Et, 'Pr) decomposes slowly on 
standing in air as seen from 1Hnmr changes and inability (of 22) to 
diffract X-rays. 	(c f. R 
4  N Ni(S 2  COEt)31 
47 
 which decomposed to a 
black tacky resin on standing). 	It was also noticed that reaction 
of aged samples of Pt(S 2COR) 2 with KS 2COR (R=Et, 'Pr) gave only 
Ph4As [Pt(s 2C0)(S 2COR)] . 	In both aged samples no i.r. bands which 
could be attributed to S 2CO groups were observed, and the reason for 
the difference in products is not clear. 
Reaction of Pd(S 2COEt) 2 with excess KS 2COEt in acetone 
followed by filtration into a methanolic solution of Ph 4AsC1.HCI gives 
a bright orange-yellow precipitate with an i.r. spectrum almost 
identical to (24). 
58
Analytical data shows this to be the analogous 
complex Ph4As [Pd(s 2Co)(s 2coEt)] . 	However, when the reaction is 
carried out in methanol, a very small amount of buff coloured powder 
with an i.r. spectrum almost identical to (22) was isolated. 	These 
st.] 
observations suggest that the Pd(S 2COEt) anion rearranges more 
rapidly to [Pd(s 2co)(s 2coEt)] 	which is consistent with the increased 
lability of Pd - S compared to Pt - S bonds 
2.3.2 	Reaction Mechanism 
A possible mechanism of formation of the various species is 
outlined in Scheme 2.2. 	Initial nucleophilic attack of xanthate 
ion on a M - S bond gives the trisxanthato complex which then 
rearranges via intramolecular nucleophilic attack to generate a 
dithiocarbonato group and a xanthate ester. 	It is interesting to 
note that this intramolecular rearrangement is inhibited in more 
solvating solvents, probably because increased solvation of the 
unidentate xanthato group will decrease the nucleophilicity of the 
free sulphur atoms. 
A second suggested mechanism is outlined in Scheme 2.3. 
In this case (22) or (23) dissociates in non polar solvents to give 
Pt(S 2coR) 2 which can undergo attack by the liberated Th 2COR ion to 
give the rearranged product. 	However Scheme 2.3 is considered less 
favourable since, if this type of process is operating, there seems 
no reason why some rearranged product is not formed immediately on 
reaction of Pt(S 2C0R) 2 with KS 2COR. 	However, to overcome this 
objection another explanation is that products (22) and (23) are 
kinetically favoured while (24) and (25) are thermodynamically 
stable products. 
2.3.3 	Reaction of Pt(S-S) 2 with (S-S) (S-S=Th 2 COCH 2Ph, 
S 2COMe, S 2 PR2 , S2 CNR 2 ) 
Attempts to extend the range of [Pt(S-S) 3 ] - anions by 
further reactions of this type have proved unsuccessful. 	For 
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be isolated at all molar ratios of Pt(S2codll2 Ph) 2 to 
KS 2COCH2Ph(from 1 : 1 to .1 : 5) is (Ph 4 As) 2 I Pt(s 2 CO) 2 ] (26). 
The infrared spectrum of this yellow crystalline solid shows no 
bands between 1200 and 1300 cm- 1  due to the xanthato group but 
contains strong bands at 1690(sh) 1670(m) 1590(s), 1574(s) cm- 1 
indicative of dithiocarbonato ligands. 	Additional evidence for the 
formulation is obtained from the high conductivity value of (26) in 
nitromethane (Table 2.2) characteristic of a 1 	2 electrolyte. ° 
For Pt(S 2 Come) 2 and KS 2Come (1 : 5 molar ratios), the 
bis-dithiocarbonato anion (26) is the only product isolated. 	However 
when 1 	1 or 1 : 2 molar ratios are used, orange-yellow crystals of 
Ph4As [ Pt(S 2CO)(S 2COMe) ] are deposited. 	There has been no evidence 
to indicate the formation of Pt(S 2C0Me) or Pt(S 2COCH2Ph) 3 . This 
could be explained in terms of the high stability of the benzoniurn 
ion generated in the transition state in the mechanism shown in Scheme 
2.2 and of the high nucleophilicity of the 
Alternatively, it could be that the S 2Come 
nucleophiles have a greater affinity for th 




alkoxy group than the 
Pt(S2COR) is not formed. 
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2.3.4 	Reactions of (Ph 4 As) 2 [ Pt(S2CO)2] 
Reaction of (Ph 4 As) 2 [ Pt(S 2CO) 2 ] with PPh3 in 
dichioromethane gives a yellow solution which, on precipitation with 
diethylether yields a white solid. 	This was formulated by infrared 
and analytical data (Table 2.2) as the neutral species 
Pt(S2CO)(PPh3 ) 2 (27) which has also been prepared by reaction of 
Pt(S 2C0Et) 2 with excess PPh3 (see Chapter 1). 	A similar reaction was 
reported between [Pt(S 2 CS) 2] 
2- 
 and PMe 2Ph to give Pt(S 2CS)(PMe 2 Ph) 2 
Reaction of (Ph 4As) [ Pt(S 2CO)(S 2C0Et)] with PPh3 also gives (27). 
Similarly, Pt(S 2CO)(PMe 2 Ph) 2 was prepared by the action of 
PMe2Ph on.(26). The 1Hnmr spectrum contains a triplet of doublets 
centred at 1.628 (111=1OHz, 'PtH=33Hz) indicative of cis PMe 2Ph 
co-ordination. 	Reaction of (26) with Ph 2PCH2CH2PPh2 also gives the 
neutral compound Pt(S 2CO)(Ph2PCH2CH2PPh2 ) which was characterised by. 
analytical data and i.r. and 1 Hninr spectroscopy. 
However reaction of (24) or (26) with 2, 2'bipyridyl 
gives only starting material indicative of the greater tendency of 
sulphur ligands to co-ordinate to platinum compared to nitrogen 
donor ligands. 
2.4 	Experimental 
Microanalyses were by A. Bernhardt, West Germany and the 
University of Edinburgh Chemistry Department. 	I.r. spectra were 
-1 recorded in the region 4000-250 cm on 'a Perkin-Elmer 457 grating 
spectrometer using Nujol and hexachlorobutadiene mulls on caesium 
iodide plates. 	Solution spectra were run in potassium bromide cells. 
Conductivity measurements were obtained on a Portland Electronics 310 
conductivity bridge in nitromethane at 298K; : 1. Hnmr spectra were 
obtained on a Varian Associates HA - 100 spectrometer equipped with a 
35 
variable temperature probe. 	Electronic spectra were recorded on a 
Unicam SP800 spectrophotometer using unmatched silica cells. 
Melting points were determined with a Kkifler hot-stage microscope and 
are uncorrected. Analytical data for all the new complexes are given 
in Table 2.2. 
Potassium tetrachioroplatinate (II) 'and palladium (II) 
chloride were obtained from Johnson-Matthey Ltd., Ph4AsC1.HC1 from 
Koch Light Ltd., PPh3 and KS 2COEt from BDH. 	KS2COR 
(R=Ie_, 1Pr-, PhCH2-) were synthesised as described in Ref.48a and 
M(S2COR) 2 (M=Pd, Pt) was' prepared by the method of Watt and McCormick. 61 
Operations were carried out under nitrogen and in degassed' solvents. 
Tetraphenylarsoniumtris (O-ethyldithiocarbonato)platinate (II): 
An excess of KS 2COEt (0.50g) was added to Pt(S 2COEt) 2 (0.20g) in 
acetone (iOml). 	The resulting yellow solution was warmed gently 
and then immediately filtered into a methanolic solution (20ml) of 
Ph4AsC1.HC1 (0.25g). 	On cooling, yellow needles of the product 
formed which were 'filtered 'off, washed with water, methanol, benzene 
and diethylether. 
I.R:- v(c-o) (s 2COEt)-1285 (s), 1200 (s) cm 	(mull) 
Tetraphenylarsoniumtris (O-isopropyldithiocarbonato)platinate (II) 
was similarly prepared from KS 2CO 1Pr and Pt(S 2CO ' Pr) 2 . 
I.R:- V (C-o) CS 2CO'Pr)-128O (s) 1210 ('s) cm 	(mull): 1280 ('s), 
1205 (s) cm 	(CH 2C1 2 ). 
Tetraphenylarsoniurntris (O-ethyldithiocarbonato)palladate (II) was 
prepared in a like manner using methanol instead of acetone. 	The 




platinate (II) was formed as orange-yellow crystals by the 
redrystallisation of Ph4As [Pt(S2COEt) 3 ] from CH2C1 2 or CHC13 , 
or by leaving methanol/ether or acetone solutions of 
Ph4As[ Pt(S 2COEt) 3] to stand for 24h. 
I.R:- V (C-o) (Th 2COEt)-1250 (s) cm 1 ; 	V (c-o) (2Th2CO) 1678 (m) 
1600 (s), 1575 (m) cm- I (mull). 
Tetraphenylarsonium (dithiocarbonato) (O-isopropyldithiocarbonato) 
platinate (II) was similarly prepared from Ph4As [Pt(S2CO' Pr) 3 ] 
I.R: - V (C-0) (S 2CO 1Pr)-1270 (s), 1210 (s) cm 1 ; 	v (C=O) ( 2Th2CO) 
1680 (w), 1600 (s), 1575 (m) cm 	(mull). 
Tetraphenylarsonium(dithjocarbonato) (Q-methyldithiocarbonato) 
platinate (II):- Pt(s 2COrvre) 2 and KS 2C0Dre (1:1 or 1:2 molar ratio) 
were dissolved in acetone and the resulting yellow solution 
filtered into a methanolic solution of Ph 4AsC1.HC1. 	Potassium 
chloride was then filtered off and the filtrate evaporated almost 
to dryness to produce orange crystals of the product which were 
filtered off and washed with water, methanol and diethylether. 
I.R:- V(C-o) (Th 2COMè)1270 (s) cm 	v(C=o) ( 2Th 2CO) 1680 (s), 
1600(S), 1575 (sh) cm 	(mull). 
Bis(tetraphenylarsonium)bis(dithiocarbonato)platinate (II):-
Pt(s 2COcH2 Ph) 2 and KS 2COCH2Ph (1:1 to 1:5 molar ratio) were dissolved 
with heating in acetone. 	The hot solution was then. filtered into 
a methanolic solution of Ph 4AsCl.HC1 to give a yellow precipitate 
on cooling. 	This was filtered off and washed with water, methanol 
and diethylether. 
I.R:- V (C=O) ( 2Th2C0)-1690 (sh), 1670 (m) 1590 (:s), 1574 (s) cm 
(mull). 
The same product was obtained from the reaction of Pt(S 2COMe) 2 and 
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a five-fold excess of KS 2come. 
Tetraphenylarsoniumdithiocarbonato(O-ethyldithiocarbonato)palladate (II) 
was prepared from Pd(S 2COEt) 2 , KS 2COEt, and Ph4AsCl.HC1 using the 
same method as used for Ph 4As [Pt(s 2coEt) 3] . 	The product 
precipitated as orange-yellow crystals which were washed and dried 
as before. 
I.R:- v(C-o) (Th 2COEt)-1250 (s) cm; 	v(C=0) ( 2s 2 CO) 1678 (m), 
1600 (s) 1575(m) cm- 1 (mull). 
Dithiocarbonatobis(triphenylphosphine)platinuin (II):-  
(Ph 4 As) 2 [ Pt(s 2co) 2 ] and excess PPh3 were refluxed in dichioromethane 
for 3h to give a pale yellow solution. 	Removal of solvent gave a 
yellow oil which yielded a white solid on addition of diethylether. 
This was filtered off and washed with water, methanol and diethylether. 
I.R:- v(C=0) ( 2Th2C0)-1690 (m), 1615 (s) cm 	(mull). 
The same product was obtained from the reaction of 
Ph4As [Pt(s 2CO) (s 2COEt)J with excess PPh3 in dichioromethane. 
Dithiocarbonatobis(dimethylphenylphosphine)platinum (II):- Excess 
PMe2Ph was added to a suspension of (Ph 4As) 2 [Pt(S 2CO) 2 ] in 
dichloromethane and the mixture shaken for ca lh. 	The resulting 
pale yellow solution was filtered to remove unreacted starting material 
and the filtrate, concentrated. 	Addition of diethylether then 
gave a white solid which was filtered off and washed with water, 
methanol and diethylether. 
I.R:- v(C=0) ( 2Th2C0)-1670 (br) 1595 (m) cm 	(mull). 
Similarly, dithiocarbonato E 1,2 -bis (diphenyiphosphino) ethane] 
platinum (II) was obtained from (Ph 4 As) 2 [ Pt(S 2CO) 2 ] and 
Ph2 C 2H4Ph 2 . 
I.R:- v(C=0) ( 2Th 2C0)-1690 (:) 1620 (s) cm-1 (mull). 
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Table 2.1 
Bond lengths and angles 
for the platinum co-ordinates in Pt(S2CEt) 3 
Atoms Bond/ Atoms angle! 0 
Pt(1)-s(1) 2.327(17) S(1)-Pt(1)-S(2) 169.0 	(6) 
Pt(1)-s(2) 2.315(19) s(1).-Pt(1)-5(4) 98.3(10) 
Pt(1) ... s(3) 4.97 	(3) S(1)-pt(1)-s(5) 76.5(10) 
Pt(1)-s(4) 2.294(32) S(2)-Pt(i)-s(4) 86.3 	(9) 
Pt(1)-s(5) 2.293(27) S(2)-pt( I)-S(5) 99.9 	(9) 
Pt(i) ... S(6) 4.85 	(3) S(4)-Pt(1)-s(5) 171.1 	(6) 
Pt(1).. .0(1) 3. 	(6) 
Pt(1). . 	0(2) 3.28 	(6) 
TABLE 
ANALYTICAL DATA FOR SOME Pt (ii' AND pi( II) XANTHATE COMPLEXES 
0 m.p(T/ C) a) C 
Found (%) 
H S C 
Required (%) 
H S 
Ph4As[Pt(S200E -t) 31 112 59.5 41.9 3.8 20.2 42.1 3.7 20.2 
Ph4AsPt(S 2CO 1Pr) 3] 1 17-119 51.0 43.9. 4.2 19.3 44.8 4,3 19.5 
Ph4As1 P-t(S2CO)(S 2COEt)1 141 57,5 42.5 3.1 15.9 42.5 3.2 16.2 
Ph4AsPt(S 2CO)(S 200 1Pr)1 122-124 43.4 42.8 3.2 15.7 43.2 3.3 .15.9 
Ph4 As[ Pd(S 2CO)(S 2COEt)1 155 - 47.8 3.6 18.3 47.9 3.6 18.3 
Ph4As[P-t(S 2CO)(S 2COMe)) 136-138 54.2 41.5 3.1 1606 41.7 3.0 16.5 
(Ph4As4 Pt(S 2CO) 2 1 255-258(d) 137.6 52.1 3.9 11.4 52.4 3,5 11,2 
a) Equivalent conductivity (Scm2mol) for 10 M solutions in 
nitromethaa-ie at 298K. 
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CHAPTER 3 
Characterisation and Reactions of Palladium (II) and Platinum (II 
Complexes of Type MX(S-S) PR3 , and Characterisation of 
Palladium (II) Mono Carboxylate Complexes 
3.1 	Introduction 
3.1.1. 	Preparation of Ni X(S-s)(PR) 
Nickel (II) complexes Ni X(S 2CNEt2 )(PR') (X=cl, Br; 
R'= alkyl, aryl) have been readily synthesised by Maxfield 62by 
reaction of NiC1 2 .6H20, PR and NaS 2CNEt2 . 3H20 in ethanol at 50°C. 
This preparation was modified slightly by McCleverty et al 63where 
the products were obtained by stirring mixtures of PR, NiX 2 .nH2O 
and Ni(S 2CNEt 2 ) 2 in refluxing ethanol. Ni X(S2C0R)PR 64has also 
been prepared by reaction of Ni(S 2COR) 2 with Ni X2 (PR ' ) 2 ; however, 
this compound was very unstable and could not be stored in air for 
long periods. 
3.1.2. 	Reactions of Ni X(S 2CNR2 )(pR' ) 
Reaction of Ni X(S 2CNR2 )(pR) with MPF 6 63 (M=K, Ti, Ag) 
and PR3 gave the ionic complex [ Ni(S 2CNR2 )(PR3 ) 2 ] PF6 . 	The 
isolation of low yields of [Ni(S 2CN.Bu2 )(PPh3 ) 2 ] PF6 from reaction 
between AgPF6 , PPh3 and Ni Cl(S 2CNBu2 ) PPh3 was due to preferential 
co-ordination of PPh3 to Ag to give [Ag(PPh3 ) 4 ] PF6 .. High yields 
of the product were isolated when KPF 6 was used. 	The complex 
[Ni(S 2CNR2 )LL'] PF6 was not formed due to facile disproportionation 
to form [ Ni(S2CNR2)L2 ] + and [Ni(S 2CNR2 )L ] + cationic compounds. 
Reaction of Ni Cl(S 2CNR2 ) PPh3 with SR' resulted in 
replacement of both Cl and PPh 3 to give the dirneric species 
Ni(SRI(S2CNR2) I V 
3.1.3. 	Nmr Studies of Ni X(S2CNR2)(PR') 
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Inequivalence of alkyl groups in the 'Hnxnr spectrum 
of Ni X(S 2CNR 2 )PR was not detected even down to 203K and the 
13Cninr spectrum of Ni I(S 2 CNEt 2 )(pPh3 ) failed to reveal resolved 
methyl and methylene carbon resonances. 63 However, it was thought 
unlikely that accidental degeneracy was responsible for the occurrence 
of a single set of proton resonances. 	The 31Pnnir spectrum of 
Ni Cl(S 2 CNEt 2 )(PPh3 ) 63contained one signal at 20.43 ppm. 	Addition 
of a molar equivalent of PPh 3  gave a broad line at 9.04 ppm although 
the signal due to free PPh 3 usually occurs at-5.31 ppm. 	Variable 
temperature 
31 
 Pnmr studies were consistent with the occurrence of 
facile phosphine exchange and a mechanism was proposed (equation[ 6 ] ),. 
2 [ Ni Cl(PPh3)(s2CNEt2)] 	[ Ni Cl(S 2 CNEt 2
)] 2 
 +2PPh3-. 	[ 6  1 
More recently, 65Fackler et al have shown that in the low 
temperature 1Hrimr spectra of all the unsymmetrical Ni (II) compounds, 
Ni X(S 2 CNR 2 )(PR), there are two different R resonances. 	In order 
to eliminate the possibility of tertiary phosphine exchange here, 
the complex Ni Cl(S 2 CNEt 2 )(PMe 2Ph) was prepared. 	The coupling 
constant 2PH = 11 'Hz) was retained from 213 to 313K in the 'Hnmr 
spectrum, indicating that phosphine dissociation must be slow at 
these temperatures. The 1Hnmr spectrum of a mixture of 
Ni Cl(S 2 CNEt 2 )Pph3 and Ni I(S 2CNEt 2 )PPh3 was then shown to contain 
only one set of ethyl proton resonances, indicative of fast 
intermolecular ligand exchange at room temperature. 	To ascertain 
the possibility of dithiocarboinato ligand exchange, the 'Hnmr 
spectrum of an equimolar mixture of Ni(S 2 CNBz 2 ) 2 and Ni(S 2CN'Bu 2 ) 2 
was measured. 	Although an equilibrium was established, and the 
mixed dithiocarbamato complex was formed, this process was too slow 
to be considered the reason for magnetic equivalence of the alkyl 
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groups at room temperature. 	Therefore, it was proposed that facile 
halide exchange at room temperature was the mechanism by which the 
alkyl groups were made equivalent. Clearly, both phosphine exchange 
and/or halide exchange are important processes, depending on the 
relative strengths of the Ni - P and Ni - X bonds. 
In the 1Hnmr spectrum of the palladium complex 
Pd(S2CNMe2)(CH2SCH3)pph 66 the (N) CH3 resonance appeared a singlet 
at 298K but was split on cooling. 	However, the. (N) CH 3 protons of 
Pd Me(S 2CNEt 2 )PPh3 exhibited singlets at 3.36 and 3.278 in CDC1 3 
up to 323K. 	It was therefore suggested that the magnetic 
equivalence of the (N) CH  protons in the former spectrum was 
associated with the ligatingeffect of the sulphur-atom in the 
CH3SCH2 group in the transition state. 	An alternative 
explanation of this magnetic equivalence is presented later in this 
chapter. 
3.1.4. 	Preparation of Pd X(S-S)L 
In Chapter 1, reactions of M(S-S) 2 (M=Pd, Pt; 
(S-S) =Th 2PR2 , S2COR, S2CNR2 , Th2P(OR) 2 ) with tertiary phosphines, 
arsines and stibines were described. 	Of particular interest here 
is the rearrangement which occurred when [P:d(s 2PR2 )(Pph3 ) 2 ] BPh4 
(R=Me, Ph) was dissolved in CHX3 or CH2X2 (X=Cl, Br) 38 . 	The change 
in colour from yellow to orange was accompanied by a decrease in 
conductivity and the neutral complex Pd X(S 2PR2 )(PPh3 ) was isolated. 
Unfortunately, this process was restricted to palladium dialkyl 
phosphinodithioato complexes w ith PPh 3 as the tertiary phosphine and 
BPh4 as the counterion. 	The rearrangement was thought to proceed 
via facile dissociation of one PPh 3 group and formation of an 
intermediate containing either a ii bonded or abonded BPh 4 ligand. 
(See Chapter 1). 
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This chapter is concerned mainly with finding a general 
synthetic route to palladium (II) and platinum (II) complexes of the 
type MX(S-S) PR  and describing some of the reactions which they 
undergo. 
3.2. 	Results and Discussion 
3.2.1. 	Preparation of MX(S-s) L 
In contrast to the method of preparation of the analogous 
nickel complexes, Ni X(S-S)PR (S-S = S 2CNEt 2 , 	S 2 COR) 64 , reaction 
of PdC1 2 (or K2PtC14 ), PR and NaS 2CNR2 .3H20, (or NaS2PR2 .2H20) 
gives only M(S-S) 2 . 
However, reactions of Pd(S 2PR2 ) 2 PR  with excess AgX 
(f=Cl, Br, I, SCN) under mild conditions (shaking in acetone 
at room temperature) readily gives high yields of PdX(S 2 PR2 )PR (28) 
by replacement of the unidentate S 2PR2 group by X. The empirical 
i.r. method outlined earlier (Chapter 1) was used to assess the extent 
of reaction. 	The i.r. spectrum of the starting material 
Pd(S 2PPh2 PPh3 contains bands at 603 and 570 cm (bidentate 
co-ordination of the S 2PPh2 ligand) and at 640 and 540 cm' 
(unidentate S 2PPh2 co-ordination) 6 Thus, the absence of bands 
at 640 and 540 cm 	in the i.r. spectrum of the products (Fig.3.1) 
provides evidence for the formatiOn of (28). 
The use of lithium or thallium salts in place of AgX 
proved unsuccessful. 	The above results can therefore be explained 
in terms of the relative solubilities of silver salts in acetone 
(i.e. Ag(S-S) is less soluble than AgX). 
Unfortunately, this method cannot be used to prepare the 
analogous compounds PdX(S 2CNR2 ) ( PR'3 ) because of the inability to 
isolate the starting materials, Pd(S 2 CNR 2 ) 2 PR3 from reaction of 
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Fig. 3.1 
Ir spectra of a) Pd(SPPh 2 ) 2Pph3 







I 	1 	I 	 I 
700 600 500 	400 	cm-1 
a) 
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Pd(S 2CNR2 ) 2 and PR 	Work up of solutions containing the 
Pd(SCNR2 ) 2PR complexes led to isolation of only Pd(S 2CNR2 ) 2 and 
PR3 . 
The corresponding exchange reactions with Pt(S-S) 2PR 
(S-s- =_S 2 PR  2s'   S2CNEt 2
) were very inefficient and a comparison 
between the i.r. spectra of product and starting material indicated 
the formation of a very low yield of the required product 
Pt X(S-S)PR3 . 	The yield was particularly low for S-S = S 2CNEt 2 , 
even on prolonged refluxing. 	This is again a reflection of the 
higher lability of Pd-S compared to Pt - S bonds and the fact that 
dithiocarbamates form stronger bonds to platinum than do 
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phos phinodithioates. 
However, an excellent general method of synthesising a 
wide range of these compounds is by reaction of the well-known 
halide bridged dimers [ MX2 (PR ) 2  (M=Pd; X=Cl, 
Br, I; 
PR=PMe 2Ph: M=Pt; )[=C1; PR=PMe 2Ph, PMePh 2 ) with various alkali 
metal dithioacid salts (NaS 2PMe 2 .2H20, NaS 2CNEt2 . 3H20, 
NaS 2CN'Pr2 , KS 2COEt) in a 1 : 2 molar ratio in acetone (Pd) or 
acetone/dichioromethane (Pt). 	All these compounds have been 
characterised by elemental analysis (Table 3.1) infrared and tHnmr 
spectroscopy (Table 3.2) and in several cases the monomeric nature 
of the products has been established by mass spectroscopy and/or 
osmometric molecular weight measurements in chloroform or acetone 
(Table 3.1). 
/ 
The i.r. spectra of the compounds 14X(S-S)PR3 show the 
bands characteristic of bidentate dithio acid co-ordination (see 
Experimental section 3.4). 	However, further evidence for the 
proposed structure (29) is obtained from the 1Hnmr spectra of the 
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dialkyldithiocarbamato derivatives which show two magnetically 
inequivalent alkyl groups at ambient temperature (Fig. 3.2) 
R C NM.Z 
R 7 NsZ NPR 
(29) 
The separation of the N-C 2 H5 signals is likely to be a 
result of a magnetic anisotropy effect of PR. A study of 
Pt (Cl(C(0)NMe 2 ) (PR 3 ) 2 67 (PR3=PPh3 , PMePh2 , PMe 2Ph) showed that the 
phosphorus ligands shift the signals of the closest N-CH3 protons 
to a lower frequency. 	Thus, in compounds (29), the lowest frequency 
signals (in both -CH 2 and -CH3 regions) are assigned to the 
N-C 2H 5 protons which are on the same side of the molecule as PR 
(with respect to a 'line' through N, C and M). 	A comparison 
between the 1Hriinr spectra of Pt Cl(S 2CNEt 2 ) PMePh2 (Fig. 3.3) 
and Pt Cl(S 2CNEt2 ) (PMe 2Ph) (Fig. 3.4) shows that the separation 
of the N-CH 2 CFJ3 signals is greater as the number of Ph rings on 
the tertiary phosphine ligands increases. 	In the former spectrum, 
triplets at l.26 5 and 1196 and quartets at 3.648 and 3.478 
are observed, whereas, in the latter the values are 1.288 
and 1.256 (t) and 3.66 and 3.558(q) respectively. 	The 
fact that the positions of the higher frequency signals remain 
virtually constant in both spectra justifies the assignment of the 
lower frequency signals to the -CH2 and -CH3 protons closest to PR;. 
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Fig. 3.2 
1 H nrnr spectrum of PdC1(S 2 CNEt2 )(FMe 2 Ph) 
CH2 CH3 (S2CNEt 2 ) regions only 
I 	 I 
3-9 	38 3.7 	 3.5 	 13 	1•2 	1•1 (5) 
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Fig. 3.3 
mnr spectrum of PtC1(S2CNEt2 )(PMePh2 ) 
(-CR21  -CR3 , ( s2cNEt2 ) regions only) 
II 
3'S 	37 	36 	3•5 	3'4 	3.3 14 	1'3 	12 	11(5) 
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'ig. 	3  
1 H nmr spectrum of PtC1(S 2CNEt2 )Fire 2 Ph 
(-CH2 ,CH 3 .(S 9 cNEt 2 ) reicns only) 
38 	 36 	3.5 	 1:4 	13 	1•2 	1.1 
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(The same assignment was made by Sonoda and Tanaka 68in the spectrum 
of Pd Cl(SSe CNNe2 )PPh3 ). 	The shift to low frequency of the 
N-CH2CB3 signals as the number of phenyl rings on the tertiary 
phosphine increases can be attributed to increasing ring current 
perpendicular to the alkyl group causing these protons to be more 
shielded. 	(c.f. 1Hnmr studies of Ru(S 2PMe2 ) 2 (PR) 2 69where the 
methyl resonances of the dithio ligand syn to the tertiary phosphine 
were shifted to lower frequency as the number of Ph rings on PR 
increased). 
Up to 330K- (the limit of these studies) the 'Hnmr spectra 
of the dithiocarbamato complexes MX(S 2CNR2 )PR are temperature 
invariant. However, Fackler has recently shown 65that above 390K the 
signals collapse to a single triplet and quartet which he ascribes to 
the onset of facile rotation about the -CN partial double bond. 
RN C Pt 	
N 2 
R4 	 PR 
(30) 
- 	 tke 
It was reported previously 37thatklow temperature 'Hnmr 
spectrum of (30) showed only one triplet and quartet for R 3 and R4 . 
It was suggested that the apparent magnetic equivalence of R 3 and 
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was due to the fact that they were six bonds removed from the atoms 
S and P and thus, the separation between the resonances would be 
too small to be resolved. 	The equivalence of the dithiocarbamato 
alkyl groups of NiX(S2CNEt2 )PRat ambient temperature has been shown 
to be due to tertiary phosphine and/or halide exchange. 	However, 
in the 1Hnrnr spectrum of Pt(S 2CNEt2 ) 9 PMe2Ph from 213-301K a sharp 
triplet of doublets centred at 2.286 (3JPtH=38.OHZ, 2J 11 =10.0Hz) 
was observed from the PMePh 2 group which is incompatible with facile 
dissociation of the phosphine ligand. 	Further evidence for this 
conclusion is obtained from variable temperature 31Pnmr spectra of 
the related compound Pt(S 2PPh2 ) 2 PMe2Ph (31) (Fig. 3.5) which show 
that I i 	 remains practically invariant from 218 to 383K. 
S. 	Ph 
S 	 Ph 
P 	Pt 
h' 	 MPh 
(31) 
The spectra also provide good evidence that the solid 
state structure (31) is maintained in solution. 	The signal at 
87.8 ppm (218K) with 2 1 	 = 276.6Hz was assigned to P3 (byPtP 
comparison with the 31Pninr spectrum of [Pt(s2PPh2 	3 2 )(Pph)] PF6 
where S2PPh2 was observed at 92.1 ppm; 21t= 254.7 Hz). 	The 
signal at 57.1 ppm (2Jtp2 = 105.3 Hz) was therefore assigned to P 2 . 
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Th2PPh2  groups produces, as expected, an averaged signal at 70.5 ppm 
with 	P2,3 = 191.0Hz (Fig. 3.6). 	This spectral evidence at 
low temperature is inconsistent with the long lived five co-ordinate 
intermediate proposed by Fackler et al to explain the variable 
temperature 1Hrimr spectra (see chapter 1) since similar J 	coupling 
constants would be expected for both S2P Ph2 signals if appreciable 
concentrations of this species were present. 
The confirmation of the four co-ordinate square planar 
structure in solution and the absence of facile phosphine exchange 
therefore strongly suggests that the magnetic equivalence of R 3 and 
4 	 , 
R in (30) must be due to the similar electronic effects of the PR 3 
and S2CNR2 groups. 	This could also account for the magnetic 
equivalence of the (N) CH  protons in the compound 
Pd(S 2CNMe 2 )(CH2SCH3 )PPh66 (see 3.1.3). 
Reaction of excess NaS 2CNR2 .3H20 (R=Et, 'Pr) with 
[MCI 2 (PR ) ] 2 gives M(S 2CNR2 ) 2 whereas excess NaS 2PMe2 .2H20 gives 
the well known M(S 2PMe 2 ) 2PR. 	The difference in behaviour is 
presumably again a reflection of. the higher nucleophilicity of 
Th 2CNR2 compared to S2PMe2 . 	For NaS 2CNMe2 , the only product at
le 
all molar ratios of [Mc12(PR)] 2 to S2CNMe2 is M(S 2CNMe2 ) 2 which 
can be attributed to a combination of the insolubility of 
M(S 2CNMe 2 ) 2 and the high nucleophilicity of the dithioacid anion. 
However, reaction of [ Pd C12(PR3)] 2 with Me 2SnC1(S 2CNMe2 ) 
(1 : 2 molar ratio) in dichloromethane gave the required product 
Pd Cl(S 2CNI4e 2 )PR . . Presumably the difference is due to the use 
of CH2C1 2 as solvent in the latter case whereas previously acetone 
(in which M(S 2CNMe2 ) 2 is.very insoluble) was required to dissolve 
the sodium salt. 
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3.2.2. 	Reactions of MX(S-S)PR. with(S'- S' ) ion 
The compounds MXs-S)PR are useful starting materials 
for a number of reactions. 	Thus, reaction of Pt Cl(S 2CNEt2 )PMePh2 
with NaS 2PNe2 , .2H20 in dichioromethane/acetone gives a yellow solid, 
shown by elemental analysis, i.r. and 1Hninr spectroscopy to be the 
mixed dithio complex, Pt(S 2CNEt2 )(S 2PMe 2 )PMe Ph2 (32). 	The 
i.r spectrum has bands at 600 and 1530 cm- I indicative of unidentate 





E 	 F Me 2-Ph 
(32) 
Further evidence for this structure is obtained from the 
1Hnmr spectrum (Fig. 3.7). 	The ethyl groups are magnetically 
inequivalent and two triplets (1.29 and 1.216) and two quartets 
(3.68 and 3.505) occur in approximately the same position as in the 
spectrum of Pt Cl(S2CNEt2 )PMePh2 (1.26 and 1.195(t) and 3.64 and 
3.475 (q) respectively. 	Fig 3.8 shows the S 2P(CH3 ) 2 signals and 
the very small Pt H coupling constant 4PH = 5.0Hz). 	Unlike 
the corresponding Pt(S 2CNEt2 ) 2 PMePh2 and Pt(S 2PMe2 ) 2 PMePh2 which 
undergo intramolecular rearrangement (Equation[ 7] ) at ambient 
temperature,(32) is stereochemically rigid even at 330K. 
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Fig. J  
nrr spectrui of Pt(S 2 CNEt2 )(S2 FMe)pMeph 
-CH2 .-cn (S2 CNEt) regions only 
.pJw71 
15 	14 	13 	1•2 	11 	10 (ö) 
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Fig. 3.8 
1 H ninr spectrum. of Pt(S2CNEt)(S2FMe2 )PMePh2 
(CH3 S2PMe2 and FMePh2 regions only) 
2•6 	25 	2•4 	2•3 	22 	21 	2•6 	1.9 (5) 
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PhMeP- 	 PhNePS) - - - - - 
Reaction of Pt Cl(S 2PMe 2 )pMeph2 with NaS 2CNEt2 .3H20 
gives Pt(S 2CNEt2 ) 2 . 	This fact, in addition to the non fluxional 
behaviour of (32) is consistent with the greater nucleophilicity of 
S2CNEt2 compared to S 2PMe2 . 	Similarly, reaction of 
Ni Cl(S 2CNR2 )PPh3 with NaS2CNR2 .3H20 (R=Me, Et) gave only Ni(S2CNR 22 
Reaction of the analogous palladium complex 
Pd Cl(S 2CNEt2 )PMe2Ph with NaS 2PMe 2 gives a yellow oil. 	The only solid 
product which could be isolated was Pd(S 2CNEt2 ) 2 . 	This facile 
disproportioriation is presumably a result of the increased lability 
of palladium complexes compared to those of platinum. 	(see Chapter 
4 for a similar example). 
3.2.3. 	Reaction of Pd Cl(S,CNEt 2 )PMe 2Ph with L' 
Reaction of Pd Cl(S 2CNEt2 )PMe 2Ph with AgBF4 (1 : 1 molar 
ratio) in tetrahydrofuran produces a white precipitate of AgC1 and 
a yellow solution which probably contains the solvated cation 
E Pd(THF)(S2CNEt 2 )PMe2Ph] + . 	Addition of ligands L'LPPh 3 , 
C 5H5N) to this solution followed by treatment with NaBPh 4 results in 
the formation of the mixed ligand cationic complexes 
[Pd(S 2Crrst2 )PMe2Ph (L')] BEth4 . 	Again, in both cases, the 'Hnmr 
spectra show: magnetically inequivalent ethyl groups due to the 
different electronic effects of PMe 2Ph and L (Table 3.1). 	Note that 
the.analogous nickel complexes Ni(S 2CNEt2 )LL' + could not be 
isolated due to their facile disproportionation to give 
Ni(s 2cNEt2 )L2 ] + and [Ni(S2CNEt2)L] 63 	This is presumably 
a result of the greater lability of Ni (II) complexes compared to 
those of Pd (II). 
Addition of tetracyanoethylene (TCNE) to a solution of 
[Pd(THF)(s 2cN'Et2 )PMe2Ph] BF  followed by treatment with NaBPh 4 
produces an orange solid (33). 	However, analytical data is 
inconsistent with that for the expected product 
[ Pd(TCNE)(S 2CNEt2 )pMe2Ph] BPh4 and, in addition, the complex was 
found to be non conducting. 	However, 1Hnmr data (Table 3.2) is 
consistent with a structure containing two magnetically inequivalent 
ethyl groups (Fig. 3.9) and the i.r. band at2190 cm -1 is indicative 
of the presence of a C - N stretching mode. 
A similar reaction was carried out between 
h15_(C 5Me 5 )Rh Cl (S-s) (S-S=Th 2PMe2 ,S 2PPh
22  S2CNMe2 ) and 
tetracyanoethylene in methanol followed by addition of NaBPh 4 in 
an attempt to synthesise[I5_(C5Me5)Rh(s_S)(C2 [CNJ 	BPh4 . 
However, again a non conducting solid was isolated. 71 
It was shown by analytical and spectroscopic data that the 
complex contained a co-ordinated triphenylcyanoborate ligand and 
unequivocal proof of the solid state structure (34) was obtained 
from an X-ray structural analysis of 11 5- (C 5Me 5 )Rh(S 2PMe2 )NCBPh3 . 
07 
Rh 





nm spectrum of Pd(S2CNEt2)(e.Ph)(BphNC) (60 	ffiz) 
5 	 4 	 3 	 2 	. 	1 	 0 Ppm(ö) 
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By analogy, structure (33) was assigned to the product of 
the reaction between [Pd(THF)(S 2CNEt2 )PrvJe2Ph] + and TCNE, and 
spectroscopic and analytical data are consistent with this structure. 
Et c//SN ,NCBPh3 
Pd 
Et/  \/" 'NPMePh 
(33) 
Only two papers describing transition metal complexes 
containing triphenylcyanoborate ligands have been found in the 
literature (Viz. [ q5-(C5H5)M(PPh3)NcBPh3  I (M=Fe, Ru) 72 and 
[ (PPh3 Cu NCBPh3  I CHC131 73 and these have been prepared by direct 
reaction with NaBPh3 CN. 	However, in the preceding reactions the 
BPh3CN anion is generated in situ, possibly by reaction-of hydrogen 
cyanide with BPh4 . 	It has been shown in earlier studies 74that 
hydrogen cyanide is generated by reaction of C 2 (CN) 4 with alkoxide 
ions in the presence of certain catalysts. 
Finally, attempts to form complexes of the type 
[Pd(s2PR2 )LL']BPh4 by this method were unsuccessful since addition 
of silver salts (AgNO 3 , AgBF4 or AgPF6 ) to both Pd C1(S 2PR2 )PR3 and 
Pd(S 2PR2 ) 2PR3 gives red solutions which turn brown and at this point, 
further investigation was not pursued. 	A possible explanation is 
that complexation (and/or oxidation) between the S 2PR2 ligand and 
Ag+ may be occurring followed by rapid decomposition. However, 
the related mixed ligand complex [Pt(s 2PMe 2 )(PPh3 )(Asph3 )} BPh4 
can be synthesised by reaction of [ Pt(S 2PMe2 ) 2PPh3 ] , AsPh3 and 
NaBPh4 and fully characterised by analytical and spectroscopic 
techniques. 
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Since the completion of this work, two research groups have 
independently reported the synthesis of MX(S 2CNR2 )PR3 . 	Sonoda and 
Tanaka prepared Pd Cl(XYCNR2 )PR (R=Me, Et; PR3=PMe 2Ph, PMePh2 , 
PPh3 ; X=S, Y=Se) by reaction of [Pd C1 
2  PR 31 2 with Me2SnC1(XYCNR2 ) 
in dichioromethane. 	Two complexes of the type Pd Cl(S 2CNR2 )PR3 
were prepared similarly and were discussed briefly. 	Fackler et al 
have also described the preparation of Pd X (S 2CNR2 )PR 3 (R='Bu, Et, 
R = alkyl, aryl; X=Cl, Br, I, SCN, SR) by reaction of 
K2PdC14 with Na(S 2CNR2 ) in a 1 	1 molar ratio .,1oILr.t t j 	c PR 
3.3 	Platinum (II) and Palladium (II) Mono Carboxylate Complexes 
3.3.1. 	Introduction 
It has been shown that reaction of [ MC12(PR3)] 2 with 
Na(S-S) generates MC1(S-S)PR3 (S-s=Th 2CNEt2 , S2PR2 ; 1 : 2 molar 
ratio) and M(S 2PR2 ) 2PR3 or M(S 2CNR2 ) 2 (excess S-S). 	However, 
Powell and Jack have studied the reaction of [ MX2(ER) 2 with 
AgOOCR (1 2 molar ratio) 75which gives the carboxylate bridged 
dimers [ (MX(O2CR)ER3] 2 	X=hal; M=Pd, Pt; ER3=PMe 2Ph. 
R3 
' 	 O' 	ER'  X. 3 
CH 
- 	 (35•) 
Similar compounds (36) had also been prepared much 
earlier44 (14=Pd; X=OOCR; ER=PPh3 , AsPh3 ) by reaction of 
[Pd(oocR) 2 ] 	with a stoichiometric amount of EPh 3 . 
Earlier still, 43reaction of [ Pd(OOCR) 2 J with a large 
excess of various nitrogen donors, PPh 3 or AsPh3 was shown to give 
- yellow crystalline monomeric adducts of composition Pd(O0CR)2L2. 
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On the basis of a dipole moment determination for the Et 2NH 
compound, and detailed infrared studies, these complexes were 
assigned a trans configuration with unidentate carboxylate groups (37). 
°)CH3 . 
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0 	(371 	 (38) 	o' 
Hence, the reactions of palladium carboxylates with 
tertiary phosphiriesand arsines are different from the corresponding 
reactions of palladium (and platinum) dithiolates (see Chapter 1). 
It was therefore decided to make a further study of 
compounds (36) and (3.7)by nmr spectroscopy. 
3.3.2 	Reaction of [Pd(ooCcH3 ) 2L3  with ER 3 
Reaction of [Pd(ooccHI with excess PMe 2Ph in benzene 
gives a cream crystalline solid which was formulated on the basis of 
i.r. and 1Hnmr spectroscopy and elemental analysis as 
Pd(OOCCH3 ) 2 (PMe 2 Ph) 2 . 	The 1Hnrnr spectrum contains one methyl 
resonance (00CCH 3 ) at 2.086 and a pseudo doublet * 
at 1.45 (PMe2Ph)(PH=11Hz) (Fig. 3.10). 	This pattern is consistent 
with a cis configuration of the two tertiary phosphines (38) since 
two phosphorus atoms in cis positions are coupled less strongly 
(J 	—OHz) than two phosphorus atoms in trans positions. 
(J: '>> 0Hz). 	In the latter case the resonance is usually a 
PP 
* 	 A "pseudo-doublet" is a sharp doublet with additional 
signal intensity situated between the doublet. 	This spectral pattern 
is indicative of a small, but non zero J, value when compared to 
PH + JPH'I 
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• 	 Fig. 	3.10 
• 	 111 nr spectrum of Pt(OOCCH 3 ) 2 (1e2 Ph) 2 
(FMe 2P'n region only) 
• 	 • 
65 
well-defined 1:2:1 triplet 76 . 
The complex cis-Pd(OOCCH3 ) 2 (PMeph2 ) 2 was prepared similarly. 
1H and31Pnrnr data of these.compounds and Pd(OOCCH 3 ) 2 (PPh3 ) 2 are given 
in Table (3.4). 	The asymmetric and symmetric COO stretching 
frequencies are listed in Table (3.5) and are consistent with 
unidentate co-ordination of the O 2CCH3 ligand43 ' 44 Therefore, 
although a dipole moment of the diethylainine complex suggested a 
trans configuration of (37) it now seems certain that the isomer formed 
is dependent on the nature of L. 	Thus, with high trans effect 
ligands such as PMe 2Ph and PePh2 , cis geometry (38) may be favoured 
for electronic reasons. 
It was also stated in the same paper 4'that molecular 
weight determinations of the triphenylphosphine adducts were impossible 
due to their ready dissociation and decomposition in warm solvents. 
The complex Pd(OOCCH3 ) 2 (PPh3 ) 2 was therefore prepared again and it 
was found that when it was left in benzene for ca 12 hours, it re-
arranged to the carboxylate bridged dimer (36) presumably via facile 
dissociation of the triphenylphosphine ligand (Scheme 3.1). 
Rearrangement of the corresponding complex, MX 2L2 to [ MX2L] 2  takes 
place more readily for X=] compared to X=Cl since formation of the 
halide bridged dimer relieves the steric strain due to the larger 
I ligands78 	The compounds (36) (ER 3=PPh3 , AsPh3 ) were also prepared 
as before by reaction of [ Pd(OOCCH 3 ) 2 ] with ER  (1:1 molar ratio). 
3.3.3 	Variable Temperature 1Hnmr Study of [Pd(OOCCH3)2ER3L2 
The 1Hninr spectrum of (36) Fig. (3.11) at ambient 
temperature contains only one methyl resonance (OOCCH 3 ) showing 
magnetiä equivalence of terminal and bridging ligands. 	On cooling 




































































































































Variable temperature 1 H nrnr spectra of [Pd(OOccH 3 ) 2A'Ph 3} 2 
223K 1 301K I 
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in the rate of exchange between terminal and bridging carboxylate 
groups. 
In the 1Hnmr spectrum of(PdX(OOCR, )PMe2PhJ21Powell and 
Jack 75observed equivalence of the methyl groups of the tertiary 
phosphine. 	In the absence of any exchange, a molecule of structure 
(35) should give two methyl proton resonances of equal intensities 
since there is no plane of symmetry passing through the P-Pd axis. 
P h'M e 2P 	,,X X 7PMePh 
 Pd 	Pd 	2 
(-35) 
They proposed two mechanisms to account for the magnetic 
equivalence of the methyl groups which are outlined in Scheme 3.2. 
These are a) the acetate bridge inversion mechanism and b) a solvent 
assisted ring opening mechanism. 	Although mechanism (a) was originally 
thought to be the correct one, the kinetic parameters for the 
exchange process (low activation energies and large negative entropies 
of activation) are more consistent with the latter mechanism. 	Also 
the dependence of the rate on solvent polarity is consistent with 
mechanism (b). 
The variable temperature 1Hnmr of (36) are thus further 
proof of mechanism (b) since only by a ring opening process could 
there be exchange between terminal and bridging carboxylate ligands 
in a molecule of this type. 
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An attempt was then made to prepare the dimeric compounds 
[ Pd(OOCCH3)2PMe2Ph] 2 (39) and [Pd(ooccH 3 ) 2 PMePh2] 2 (40) by the 
stoichiometric addition of PMe 2Ph and PMePh2 respectively to 
Pd(00ccH3)2J . 	However, in both cases, a mixture of compounds 
was produced (1 1 and 1 : 2 adducts) which gave rise to complex 
1Hnmr spectra. 	Furthermore, unlike the analogous PPh 3 complex, 
cis—Pd(OOCCH3 ) 2L 2 (38)(L=PMe 2Ph, PMePh2 ) did not rearrange to (39) 
or (40) respectively when dissolved in benzene. 	Instead (38) was 
recovered unchanged. This can be correlated with the higher basicity 
and smaller steric size of these alkyl substituted phosphines compared 
to PPh3 . 
The complex [ Pd(OOCCH3)2PMe2Ph] 2  was however prepared by 
reaction of [Pd C12(PMe2Ph)J 
2  with an excess of silver acetate. 
(c.f. Powell and Jack's preparation of [ PdX (00CR )PR 3 1  2 by 
reaction of the halide bridged dimer with a 2 molar excess of 
AgOOCR 
The 1Hnmr spectrum at 233K of (39) (Fig 3.12) contains 
distinct signals for unidentate and bidentate carboxylate ligands. 
In addition, two methyl doublets are observed which are assigned to 
the magnetically inequivalent methyl groups (a) and (b) in (39). 
The methyl groups of the two PMe 2Ph ligands are however related by a 
two fold axis of symmetry and are equivalent. 
MEE 	Meb 	 Meb Me 	I •Np/ RCO 
PV 	
QR 
7 N Ph 
Pd 	 Pd 
o 	0, oo 
Me 	 Me 
(39) 
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• 	 • 	• Fig. 	3.2 	• 
Variable ternpe'ature H ninr spectra of [Pà(occcH 3 ),FMe2 Ph1 2 
(-CH region only) 
• 	 • 
283 K 
2.3k 
I 	 I 	• 
Z.o 	1.9 ig 	1.7 - lb CS 
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On warming, the two methyl resonances (OOCMe) collapse to 
a singlet due to the solvent assisted ring opening process which 
exchanges bridging and terminal carboxylate ligands. 	Exchange of 
the PMe 2Ph methyl sites occurs simultaneously and one doublet 
(PMe 2Ph) is observed at 303K. 
However, no further studies of the reactions of carboxylate 
complexes were made because, at this juncture, Powell and Jack then 
published a second paper 78containing a more rigorous study of 
complexes of type (35) which included the 1Hnmr spectra and kinetic 
parameters for [ Pd(OOCCH3 ) 2PMe2 Ph] 2 . 
3.4 	 Experimental 
Microanalyses were by B.M.A.C. and the University of 
Edinburgh Chemistry Department. Molecular weights were determined 
on a Mechrolab Vapour Pressure Osmometer (model 301A) calibrated with 
benzil. 	I.r. and 1Hnmr spectra, conductivity measurements and melting 
points were obtained as described in Chapter 2. 	31Pninr spectra were 
obtained on a Varian XL 100 spectrometer operating in the pulse and 
31 Fourier transform modes at 40.5 MHZ ( P chemical shifts quoted in ppm 
to high frequency of 85% H3 PO 4 ). 	Mass spectra were obtained on 
A.E.I. MS9 spectrometer. 	Analytical data and 1Hnmr spectroscopic data 
for the new dithioacid compounds are listed - in Tables 3.1 and 3.2 
respectively, and for the carboxylate compounds in Tables 3.3 and 3.4 
respectively. - Infrared bands diagnostic of bidentate S 2PPh2 36 , 
S 2PMe 2 and S 2 CNR2 co-ordination are listed for each compound. 
Potassium tetrachloroplatinate(II) and palladium(II) chloride 
(Johnson-Matthey Ltd) triphenylphosphine, sodium diethyldithiocarbamate, 
sodium tetraphenylborate (BDH); dimethylphenylphosphine, 
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methyldiphenyiphosphine (Maybridge Chemical Company). 
NaS2PMe2 .2H 2 	Pd X2(PMe2Ph) 1 2-
76 
 (X=Cl, Br, I) j Pt C1 2PR 1 280 
(PR"=PMe2Ph, P1ePh2 ), Pd(S 2PPh2 ) 2PPh3 35 , Pd(S 2PPh2 ) 2PMe 2Ph35 , 
Pt(s 2PPh2 ) 2PPh336 , Pt(S2PPh2 PMe2Ph36 , Pt(S 2PMe2 ) 2PPh338 , 
Pd(OOCCH3 ) 2L 243 and -[Pd(ooccH3)2L] 2 
	(L=PPh3 , AsPh3 ) were 
synthesised as described elsewhere. 
3.4.1 	Palladium Complexes 
Diphenylphosphinodithioato(thiocyanato) (triphenyiphosphine) 
palladium (II) Pd(S 2PPh2 ) 2PPh3 and AgSCN (1 : 6 molar ratio) were 
shaken together in acetone for 1 hour after which the solution was 
filtered to remove insoluble silver salts. 	Removal of solvent under 
vacuo then yielded a yellow -solid which was recrystallised from 
C6H6 / light petroleum (bp 60-80°C). (mp 216-218°C). 
I.R:- VPS2 603, 570 cm, 	VCN 2100 cm-1 
Similarly, bromodiphenylphosphinodit)-ioato(triphenylphosphine) 
plladium (II) (mp. 211-213 °C) 	VPS2 603, 570 cm 1, 
dimethylphenylphosphine - (diphenylphosphiniodithioato) (iodo) 
palladium (II) VPS 2 602, 570 cm -1 and dimethylphenylphosphine 
(diphenylphosphinodithioato) (thiocyanato) palladium (II) 
VPS2 603, 572 cm were prepared by reaction of Pd(S 2PPh2 ) 2PR3 
with the appropriate silver salt. 
Chloro(dimethylphenylphosphine) (dimethylphosphinodithioato - 
palladium (II):-. NaS 2PMe 2 .2H20 (0.03g) was added to an acetone 
solution of [ Pd Cl2(PMeh) 2 (0.10g) (2 : 1 molar ratio) and the 
mixture shaken for ca 2 hours. 	The resulting cloudy yellow solution 
was filtered through celite to give a bright yellow filtrate. 
Removal of solvent gave a yellow solid which was recrystallised from 
acetone/light petroleum (bp 60-80 °C) v. 57O; vPd Cl 340 cm- 1 
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Similarly, bromo (dimethyiphenyiphosphine) dimethylphosphinodithioato - 
palladium (II) VPS 2 570 cm-1 and (dimethyiphenyiphosphine) 
(dimethylphosphinodithioato)(iodo)palladiurn(II) (mp 238-240 °C 
( V 	570 cm) were prepared from [PdBr2(PMe2Ph) 1 2 and 
I Pd1 2 (PMe2 Ph) ] 2  respectively. 
Chloro(N, N-diethyldithiocarbarnato)(dimethylphenylphosphine) palladium (II) 
[ Pd C12(PMe2Ph)] 
2  and Na S2CNEt 2 .3H20 (1 : 2 molar ratio) were 
shaken in acetone for ca 1 hour to give a white precipitate of sodium 
chloride and a yellow solution. 	After filtering through celite, 
the filtrate was evaporated to dryness to give a yellow-orange 
solid which was recrystallised from acetone/light petroleum 
(bp 60-800C) (mp 162-1640C) VCN1S3O cm 1 ; V Pd C]. 300cm- 1 
Similarly, bromo(N, N diethyldithiocarbamato)(dimethylphenylphosphine)_ 
palladium (II) (mp 164-166 0c) ( VCN 1530 cm-1 ) and 
(N. N-diethyldithiocarbamato) (dimethylphenylphosrhine)(iodo) 
palladium (II) (mp 145-147 0C) ( VCN 1530 cm- 1 ) were prepared from 
[ Pd Br2(PMeh)] 
2  and [ Pd 12(PMe2Ph)] 2 respectively and 
chloro(N,N di-isopropyl±Lthiocarbamato); (dimethylphenylphosphine) - 
palladium (II) ( VCN 1500 cm) from 	[Pd Cl 2 (PMe 2 Ph) J 2 and 
NaS2CN1Pr . 
Likewise, reaction of [Pd Cl 2 (PMe 2 Ph) ] 2 and KS 2COEt 
(1 	2 molar ratio) gave chloro(o-ethyldithiocarbonato) 
(dimethylphenylphosphine)palladium (II) mp 148-150 0C (decomp) 
VCQ 1260-cm- 1, Vpd Cl 300 crri 1 ). 
N ,N-Diethyldithiocarbarnato(dimethylphenylphosphine) (triphenylphosphine)-
palladium (TI) tetraphenylborate:- PdC1(S 2CNEt2 )PMe 2Ph 	(0-10g) 
and AgBF4 (0.04g) in tetrahydrofuran were shaken together to give a 
white precipitate of AgCl and an orange solution. 	After filtering 
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through celite, an excess of triphenylphosphine was added to the 
filtrate to give a pale yellow solution.. Removal of the solvent 
under vacuo produced a yellow oil. Methanol was then added to give 
a white solid (unreacted PPh 3 ) and a yellow solution which was 
fitlered into a methanolic solution of NaBPh4 to give the pale yellow 
product (mp 78-80 00( VCN=1525 cm) A(i x 10 3M) in CH  Cl 2 
= 38.0 S cm  mol 1 . 
(N,N-Diethyldithiocarbamato) (Dimethylphenylphosphine) (pyridine) - 
Palladium (II) tetraphenylborate:- As above, addition of excess 
pyridine to the orange solution of [ Pd(THF)(S 2CNEt 2 )(PMe 2 Ph) ] BF  
gave a pale yellow solution. 	Removal of solvent followed by 
addition of NaBPh 4 in methanol then gave a yellow precipitate which 
was washed with water, methanol and diethylether (mp 126-128 0C) 
(VCN 1520 cm)A(1 x 10 3M) in CH2 Cl 2 	35.0 S cm  mol 1 . 
Diacetatobis(dimethylphenylphosphine)palladium (II):- Diacetato - 
palladium (II) in benzene was treated with an excess of dimethyiphenyl-
phosphine to give a yellow solution. Addition of light petroleum 
(bp 60-800C) gave a cream crystalline solid which was washed with 
diethylether and light petroleum and air dried. 
Di-i-acetatodiacetatobis(dimethylphenylphosphine)dipalladium (II):-
A solution of di-1i--chlorodichlorobis(dimethylphenylphosphine) - 
dipalladium (II) in chloroform was shaken with excess silver acetate 
for 2 hours. I It was filtered through celite to remove insoluble 
silver salts. 	Removal of solvent gave the product as an orange oil. 
A little chloroform and light petroleum (bp 60-80 °C) were added and 
the solution was left for 12 hours to give orange yellow crystals. 
3.4.2 	Platinum compounds 
Diphenylphosphinodithioato ( thiocyanato) triphenylphosphine 
76 
platinum (II) Pt(S 2PPh2 ) 2PPh3 and an excess of AgSCN in acetone were 
heated under reflux for 2 hours. After filtration and removal of 
solvent, the pale yellow solid was dissolved in a minimum volume of 
benzene and reprecipitated with light petroleum (bp 60-80°Q) to give 
the pale yellow product. 	(VPs2 600, 570 cm 1 , 'J CN 2100 cm 1 ). 
Similarly bromodiphenylphosphinodithioato(triphenylphosphine)-
platinum (II) was prepared from Pt(S 2PPh2 ) 2 PPh3 and AgBr. 
PS2 = 600, 570 cm). 
Dimethyiphosphinodithioato ( triphenylarsine) (triphenyiphosphine) 
platinum (II) tetraphenylborate:-. Pt(S 2PMe 2 ) 2PPh3 was dissolved in an 
acetone/methanol mixture -and a slight excess of AsPh 3 was added 
followed immediately by an excess of NaBPh4 . 	Removal of acetone then 
gave an off-white precipitate which was washed with methanol and 
light petroleum (bp 60-80 °C). 	('Jps 2 574 cm 1 ). 
Chloro(N,N diethyldithiocarbamato)(meth'idiphenylphosphine)platinum (II) 
NaS 2CNEt 2 . 31120  (0.045g) was dissolved in acetone, added to 
[ptCl2(PMePh2)] 2  in dichioromethane and the mixture shaken for 1 hour. 
A white precipitate of sodium chloride formed together with a yellow 
solution. After filtration,. evaporation of the solution almost to 
dryness followed by addition of light petroleum (bp 60-80 °C. ) gave a 
pale yellow precipitate which was washed with water, methanol and 
diethylether (\)CN 1534 cm 1 , ')PtC1 310 cm. 
Similarly, chloro(N,N-diethyldithiocarbamato)(dimethylphenylpho'hine) 
platinum (II) was prepared from I PtCl2(PMe2Ph) 2 and NaS2CNEt2. 31120 
(mp 163-165°C) (%) CN 1530 cm- 
1 
 and chloro(dimethylphosphinodithioato) 
(methyldiphenylphosphine)platinum (II) from [Ptcl2(PMePh2)] 
2  and 
NaS2PMe 2 . 2H2 0. 	(\)PS 2 573 cm1. 
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(N,N-Diethy1dithiocarbamato)(dimethylphosphjnodithjoato)(methy1djpeflyl_ 
phosphine)platinum (II):- PtCl(S 2CNEt2 )(PMePh2 ) (0.06g) and 
NaS2PMe 2 . 2H20 (0.02g) were shaken in acetone/dichioromethane for 
ca 1 hour. The white precipitate of NaCl was then filtered off and 
the yellow filtrate was evaporated almost to dryness. 	Addition of 
diethylether/pentane gave a yellow solid which was washed with water, 
methanol and diethylether. (')CN 1530 cm -1 , VPS 2 600 cm1). 
TABLE 3.1. 
Analytical Data for some Palladium(II) and Platinum(II) Complexes of Type M)((S-S)PR 3 and M(S-S)LL' BPh 4 
Found Required % _____________ 
Complex C H N 	Others M C H N 	Others M 
[Pd(scN)(s 2 PPh2 )PPh3 J 55.3 3.7 2.0 	- 711a 55.2 3.7 2.1 	- 675 
PdC1(S 2PPh2 )PPh3 ] 54.5 4.0 - 	 - - 55.2 3.8 - 	 - 
[PdBrs2PPh 2 )PPh3 ] 51.9 3.9 - 	 - 722a 51.6 3.6 - 	 - 697 
PdI(S 2PPh2 )PPh3 I1 50.0. 3.7 - 	 - - 48.4 3.4 - 	 - - 
f8I(S 2PPh2 )PMe 2Ph] 39.2 3.3 - 	 - - 38.7 3.1 - 	 - - 
PdC1(S2PMe 2 )PMe2Ph) 29.7 4.2 - 	 - - 29.7 4.2 - 	 - - 
PdBr(S 2PMe2 )PMe2Ph] 26.7 3.8 - 	 - - 26.7 3.8 - 	 - - 
I PdI(S 2PMe 2 )PMe2Ph] 24.3 3.5 - 	 - 4961b 24.2 3.4 - 	 - 496 
PdCl(S2 CNEt2 )PMe 2Ph] 36.4 . 5.0 3.3 	C1,8.2 445, 36.5 4.9 3.3 	C1,8.3 427 
428+1 
PdBr(S 2CNEt2 )PMe 2Ph] 33.2 4.3 2.9 	- 553, 33.1 4.4 3.0 	- 472 
PdI(S 2 CNEt2 )PMe 2Ph] 30.3 4.1 2.7 	1,24.8 
4731b 521+1 30.2 4.1 2.7 	1,24.5 520 
PdC1(S 2CN 1Pr2 )PMe 2Ph] 393 5.5 2.9 	- - 39.5 5.5 3.1 	- - 
Pd(S 2CNEt 2 )(PMe 2P}-i)(PPh 3 )]BPh4 67.8 6.0 1.3 	- - 67.8 5.9 1.4 	- - 
j Pd(S 2CNEt2 )(PMe 2Ph)- 63.6 5.8 3.2 	- - 63.8 5.8 3.5 	- - 
(C 5 1-i 5N)1 BPh4 	 . 
TABLE 3.1. (Cont'd) 
Found % 	 r-- Required % 
Complex 	 C 	Fl 	N Others 	M 	C 	'H 	N 	Others 
PdC1(S 2 COEt)PMe2Ph] 33.0 4.0 - - 	 - 	 33.0 4.0 - 	 - 
{ 
PtC1(S2 CNEt 2 )PMePh 2 ] 37.2. 4.1 2.3 Cl,6.'O 	
703 
37.4 4.0 2.4 	C1,6.1 	578 
PtC1(S 2CNEt2 )PMe 2 Ph] 29.4 4.0 2.9 
- 	 611c516±1b 	
30.2 4.1 2.7 	- 	516 
PtBr(S 2PPh2 )PPh3 ] 47.7 3.2 - - 	 - 	 45.8 3.2 - 
[ 
PtSCN(S 2PPh2 )PPh3 ] 49.7 3.4 1.4 - 	 - 	 48.7 3.3 1.8 	- 	- 
Pt(S2CNEt2 )(S 2PMe 2 )(PMePh 2 )1 36.0 4.5 2.2 - 	 - 	 35.9 4.3 2.1 	- 	- 
Pt(S2PMe 2 )(PP1 J )AsPb31BP' 60.0 4.5 - - 	 - 	 61.6 4.6 - 	 - 	 - 
Pd(NCBPh3 )(S 2CNEt 2 )PMe 2Ph] 58.4 5.6 4.2 - 	 ,- 	58.2 5.5 4.2 	- 	 - 
a Molecular weight measured osmometrically at 37 °C in acetone. 
bMolecular weight from parent ion peak ( 106Pd or 
195 
 Ptisotope) in mass spectrum. 
CMolecular weight measured osmometrically at 37 °C in chloroform. 
(0 
1.24(t);1.22(t) 	3.72(q);3.62(q) 	1.80(d) 
1.45(d);1.33(d) 	4.60(m)e 	 1.75(d) 




1.45(t) 4.60(q) 1.88(d) 7.32-7.80(m) 
1.20(t) 3.63(q);3.50(q) 1.17(d) 6.70-7.70(m) 
1.27(t) 3.70(q);3.58(q) 1.46(d) 6.70-7.80(m); 
1.26(t);1. 19(t) 3.64(q);3.47(q) 2.16(t.d) 8 7.32-7.82(m) 
1.28(t);1.25(t) 3.66(q);3.55(q) 1.83(t,d)h 7.32-7.86(m) 
1.29(t);1.21(t) 3.68(q);3.50(q) 2.29(t.d) 3 7.32-7.80(m) 
1 . 99(d . t)di 
'I 
TABLE 3.2 
'Hnmr Data in CDC1., at 301K for Some Palladium (II) and Platinum (II) Complexes of Type MX(S-S)PR 3 and M(S-S)LL' BPh 4 
value" 




[ PdCl(S2PMe2)PMe2Ph ] 	




[ PdCl(S 2COEt)PMe 2Ph I 
[ Pd(S 2CNEt2 )(Pte 2Ph)PPh3] BPh4 
Pd(S 2CNEt2 )(PMe 2Ph)(C 5H 5N)] BPh4 
I PtCl(S2CNEt2)PMePh2  I 
PtC1 (S 2CNEt2 )PMe 2Ph] 
pt(S2CNEt2 )(S 2PMe2 )PMePh 2 ) 






1Pyridine resonances at 8.56(d) 	
3JPt4.0 	3 	35.5Hz 1 4 	5.0Hz 	3 	36;OHZ 
	
PtH 	 PtH 	 PtH 
Others masked by p}ny1 resonances 
TABLE 3.3 
ANALYTICAL DATA FOR SOME Pd(II) CARBOXYLATE COMPLEXES 
Found. (%) Required. (%) 
Complex ,C H C H 
Pd(OOCCH3 ) 2 (PPh3 ) 2 63.6 4.8 64.1 4.8 
Pd(000CI-13 ) 2 (AsPh3 ) 2 57.3 4.3 57.4 4•3 
pci(OOCCH3 ) 2 (PMe2Ph) 2 47.8 • 5.8 48.0 5.6 
Pd.(OOCCH3 ) 2 (PMePh2 ) 2 57.5 5.1 57.7 5.1 
[Pd(ooccH3)2(PPh3)] 2 53.8 4.4 54.2 4.3 
[Pd.(OOCCH32(ASPh3)] 	2 39.6 4.7 39.8 4 , 7 
[Pd.(OOCCH3 ) 2 (PMe2 Ph) ] 	2 49.9 4.2 49.7 4.0 
00 
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TABLE 3.L1 	- 
and 31Pnmr DATA FOR SOME Pa(Ii) CARBOXYLATE COMPJrs 
value ('Hr) 
CH 	CT-13 Ph 	31 	mr () (carboxvlate) (phosphine) 
Pd(00C0113 ) 2 (PPh3 ) 0.85(s) 	- 705(m) 	14.80 
Pd(OOCCH3) 2(AsPh3 ) 2 1.0(s) 	- 7.6(m) 	- 
Pd(OOCCH3 ) 2(PMe2 Ph) 2 2.0(s) 	142a(d) 7.3(m) 	5.31 
Pd(OOCCH3) 2 (FMePh2) 2 1.64(s) 	168a(Pd) 7.3(m) 	- 
[Pd(00CcH3)2(PPh3)) 2 1.42(s) 	- 7.4(m) 	19.66 
[Pd(OOCcH3)2(Asph3)] 	2 - 1 47 	41b 7.5(m) 	-  
[Pd(OOCCH3)2(P.1e2ph)] 	2 1.86 	
1•74b 	1.93(d)1.62(d)C 77(m) 	- 
pd. - pseudo doublet; 	m = multiplet; 	s - singlet. 
a) 2J 	=11.0Hz 	b) 22 3K 	c) 2J11= 13.5HZ. 
TABLE 3.5 
• INFRARED SPECTRA OF PALLADIUM (II) CARBOXYLATE COMPLEXES (ca) 
Unidenta-te 	 Bridge 
asym sym 	 asym 	sym 
Pd(00CCH3) 2(PPh3 ) 2 
 1634, 1298 and/or 1310 
Pd(OOCCH3) 2(AsPh3 ) 2 1620 1300 
Pd(OOCCH3)2(FMe2Ph)2 1590 1330 
Pd(000CH3)2(PMePh2)2 1 580 1315 
[Pd(OOcCH3)2(pPh3)] 2 1622 1310 	 1575 	1410 
[Pd(OOCCH3)2(Asph3)} 	
2 1630 1310 	 1580 	1410 
[PcI(OOCCH3)2(Pxre2ph)J 2 1625 1310 	 1555 	1410 
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CHAPTER 4 
Reaction of Palladium (II) and Platinum (II) Diene Complexes. 
with some Sulphur Containing Nucleoph'iles 
4.1 	Introduction 
4.1.1 	Bonding in Metal - Alkene Complexes 
Since the preparation of Zeise's salt, K[Pt(C2H4)Cl3]  .H20 
in 1830, alkene complexes have been extensively studied and many of 
their reactions are of commercial importance, e.g. PdC1 2/CuC1 2 are 
the catalysts in the Wacker-Sinidt process which is used for the 
conversion of ethylene to acetaldehyde. 
Reactions of nucleophiles with these complexes have been 
of particular interest both for catalytic purposes and in organic 
synthesis. 	In fact, the activation of alkenes towards nucleophilic 
attack on co-ordination to platinum (II) or palladium (II) ions is 
well established and can be rationalised in terms of the bonding 
involved. 1 The bonding theory of Dewar, Chatt and Duncanson 
involves formation of a ii bond constructed from overlap of the 
filled ri bonding orbital of the alkene with an empty orbital on the 
metal in addition to TI back donation from a filled orbital of the 
* 




This model indicates, therefore, that the electron 
density in the IT bonding orbital of the alkene is reduced on 
complex formation and hence, co-ordinated alkenes are more 
susceptible to nucleophilic attack than free alkenes. 
- Complexes of the type MX2 (diene)(M=Pd,pt; X=Cl,Br; 
diene = Cyclo-octa - 1,5 - diené, norbornadiene) are readily 
prepared under mild conditions by reaction of Na 2MX4 with diene 
in methanol (14=Pd) 81 or propan -1-01 (M=rPt) 82 . 	The Pd complex 
is formed almost immediately. whereas the analogous Pt complex 
requires a reaction time of several days. 
4.1.2 	Reactions of NIX (diene) with Nucleophiles 
The reactions of MX  (diene) complexes with nucleophiles 
can be divided into three groups. 83 
1) The nucleophiles displace the diene. 	This is, in 
general the favoured reaction with neutral nucleophiles especially 
soft ones with a high tendency to complex with the metal e.g. PR 3 
pyridine, DMSO. (Equations [8] and[ 0.1 ). 
1 Mz CI + ZDMSO 
+ 
R*. 1  
MCI2 






Anionic nucleophiles such as halides, alkyl ions 
and C 
5 H 5  generally displace the anionic ligands. (Equations 
[10] and [ii] ). - 
Ell PdCL2 	Li 	>dBr2 	 [10] 




HC( > 	7 Pd Me 
A large number of compounds of the type-MR 
2 (cod) have been 
prepared by reaction of MX2 (cod.), (X=I,Cl) with either MeLi or 
a Grignard reagent 4 The subsequent displacement of diene from 
Pt(CH3 ) 2 (cod) by a Lewis base L85 , (L=isocyanide, tertiary phosphine, 
N,N,N'N'- tetramethylethylenediamine, 2,2' - bipyridyl and 
trimethylaisine) then provides - a useful route to complexes of the 
type cisPt(CH3 ) 2L2 . 
cod PdBr7 + 	—Fe(CO)2 - 	) [cod Pd-0> 1 8-(ui 
The most extensive study carried out on dienes co-
ordinated to platinum (II) and palladium (II) is concerned with 
reactions of nucleophiles with a high tendency to attack at the 
carbon of the diene. 
The first reaction of this type was reported in 1908 
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by Hofmann and Von Narbutt who showed that dicyclopentadiene 
reacted slowly in alcohols with K 2PtC1 4 to give two types of 
product of empirical formulae ROC 10H12PtC1 and PtC1 2 C 10H12 from 
ROH(R=Me,Et) and propanol respectively. 	They concluded that the 
first product was formed by addition of RO and PtCl to a double bond. 
, In 1957, this work was re-examined by Chatt et ai 81,82  
who showed that PtC1 2 (diene) complexes reacted in basic alcoholic 
media to generate a dimeric complex containing both metal-ene and 
metal-alkyl linkages (Equation [12] ). 
RO 
_______ 	 ,7CK vI5 ROH 	
Pt 	Pt 
N  CO 	 C  
23 
OR 
Since then a large number of nucleophiles such as hydroxide 7 
81,88,89,90 	 91-93 	 94-96 alkoxides, 	 carboxylates, 	carbanions 	and 
amines 90,96,97  have been studied with platinum (II) and palladium (II) 
diene complexes. 
It has been proposed on spectroscopic evidence in all cases 
to date that the nucleophile attacks the double bond of the diene at 
an exo position resulting in the trans addition of the metal and 
nucleophile across the double bond. 	This suggestion has been 
verified by two X-ray studies, one by Powell et al 98  on the 
methoxy-endo-dicyclopentadiene platinum (II) complex and the other 
by Pannatoni et al 99 on the pyridine adduct of the methoxycyclooctenyl 
platinum (II) complex. 	The fact that attack occurs exo to the metal 
strongly indicates that initial attack on the metal followed by 
insertion of the C=C double bond into the metal -OR bond is not a 
very likely mechanism of formation. 
The X-ray studies also exclude the possibility of a 












The products obtained by the addition of carbanions 
such as ethyl malonate to PdC1 2 (cod) 
100
undergo decomposition 
reactions in the presence of bases, and different organic moieties 
are obtained depending on the nature of the base (Scheme 4.1). 
Paiaro et a1 97 reported reactions of diene complexes of 
platinum (II) with NH 3 , primary; secondary and tertiary amines. 
It was found that with more flexible dienes (e.g. 1,5-hexadiene 
and 4-vinylcyclohex4ne) monomers were obtained and could be 
isolated. (Equation [13] ). 	Reaction with base or an equimolar 
amount of the same (or different) amine resulted in elimination of 





_cI 611 Pt [13} 
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However, on reaction of platinum (II) complexes of more 
rigid dieries (e.g. cod and nbd) no monomeric complex was isolated 
i.e. the initially formed species appeared to react with the amine 
more rapidly that the diene starting material to give a bridged 
dimeric complex. 	Therefore, more than an equimolar amount of amine 
was required for the complete reaction of the diene complex. 	It was 
suggested that for less rigid dienes only, intramolecular interactions 
between the NH  grouping and the Pt atoms are possible. 	This 
interaction involving, a hydrogen of the ammonia grouping and the - non-
bonding electron density of the metal is likely therefore to result 
in the higher stability of the monomer. 
A study of the reactions of a range of MC1 2 (diene) 
complexes with silver carboxylates (acetate, monofluoro- and 
monochloroacetate; benzoate) was made by Haszeldine and co-workers?2 
The complexes were characterised by infrared spectroscopy where it 
was possible to distinguish between ester, unidentate and bridging 
carboxylate groups. 
It was found that with four exceptions, all the complexes 
were dimers, the exceptions being Pt(OCR) 2 (C 7H8 ) (R=CH2C1,cH2F,c6H5 ) 
and Pt(O 2CCH2F)(C8H12 ). 	The dimeric complexes (42) showed both 
bridging and ester carboxylate groups, the benzoate (43) both ester 
and bidentate, and the other monomers contained only unidentate 
groups (44). 
R 
RCO2 	 r 
M 
o c oz 	02 C 
R 
(42) 







It was postulated that there is competition between 
nucleophilic attack at the co-ordinated double bond and at the metal. 
In the case of dicyclopentadiene and hexadiene, the configuration 
of the diene is strained and these systems react readily with all 
three carboxylates. 	Norbornadiene and cyclo-octa-1,5 diene are 
less reactive since sterically they are better suited to. chelation. 
The nucléophilicity of the carboxylate group is also an important 
feature, and is known to decrease in the order 
CH3CO 2 > CH2C1CO 2 > CH2FCO 2 . 	A point is reached at which attack 
on the diene no longer occurs. 	Alkenes co-ordinated to palladium 
are generally more susceptible to nucleophilic attack and 
[Pd(o2cR)(Rco2c7n8)} 2  was formed with all three carboxylates. 
Reactions of these carboxylate complexes with tertiary 
phosphines were also reported. 	It was possible in this way to 
obtain platinum complexes where monochloro- or inonofluoro- acetate 
groups had attacked the co-ordinated diene (Scheme 4.2a) i.e. the 
cation produced on reaction with PPh 3 is more susceptible to 
92 
nucleophilic attack than is the neutral complex, for obvious 
reasons. 
Similarly, addition of 4 molar equivalents of PPh 3 per 
mole of the dimer[ Pt(CH3CO2C7H8)(02CcH3)1 2 gave a product 
containing no acetat groups co-ordinated to the metal, but only 
acetoxy groups. (Scheme 4.2b). 	However, when the co-ordinated diene 
was norbornadiene, reaction with PPh 3 gave adimeric product 
[M(Rco 2 c 7H8 )(o 2cRPPh3 j 2  in which the organic ligand had rearranged 
to a nortricyclene system (45). 
RO 2C -M--- 
(45) 
95 
Lewis et al also conducted a study on a series of metal 
carlxxylate complexes of general formulaE M(carboxycyclo-enyl)(ocoR)] 2 
but placed greater emphasis on exchange equilibria involving the 
1 	19 carboxylates using the techniques of H and F ninr spectroscopy. 
Thermodynamic parameters for the exchange of trifluoroacetic acid 
with other carboxylate moieties indicated that formation of the 
M-C bond is facilitated by electropositive substituents attached to 
the double bond. 
Bridge splitting reactions of complexes of the type 
M(diene - OCH3 )X1 2 (M=Pd(II), Pt(II), diene =cyclo-octa - . -1,5 diene, 
dicyclopentadiene; X=Cl,Br) by neutral ligands (L) with nitrogen or 
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phosphorus as donor atoms have been reported to give 
M(diene - OCH3)LX. 101 
The action of PhLi on Pt(C 10H12 .OMe)(PPh3 )Cl gave the 
aryl platinum derivative Pt(C 10H12OMe)(PPh3 )(ph) which contains 
two metal-carbon 6 bonds and metal-ene bond. This complex 
was then reacted with both electrophilic and nucleophilic reagents 
in an attempt to cleave Ii-ligand bonds selectively. 	The results 
are summarised in Scheme 4•3102• 
Pt(C10H12 .OMe)(.PPh3 )X(X=C1,Me,ph) has been reported to 
react with carbon monoxide under mild conditions to give platinum (II) 
carbonyl derivatives. 	It was postulated that carbon monoxide 
inserted into the platinum-carbon CY bond and this was followed by 
displacement of the alkene by a second carbon monoxide molecule to 
103 
give (46) 
0C Pt X 
OMe 
Carbonylation of PdC1 2 (C 7H8 ) (C 7H8=norbornadiene) gave 
palladium metal in addition to 
3-endo-carbomethoxy-5-exo-methoxynortricyclene supposedly via an 
104 unstable carbonyl palladium-acyl intermediate (Scheme 4.4) 
In addition to forming stable neutral complexes with a 
variety of dienes, platinum (II) and palladium (II) also form many 
stable cationic complexes. 	For example, complexes of the type 
r 	 +1 105 t. M(diene)(acac) j 	can be prepared by electrophilic attack on 
enyl complexes (equatior[1EI). 
1N 
Pt Ph 
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M(diene.00H3 )(acac)+ph3 CBF4--- [M(diene)acac] BF4+Ph C-OCH --- - [15]. 
The halide bridged complexes[M(C3H12R)ClJ 2 (R=CH(COMe)2, 
OMe) react with thallium (I) cyclopentadienide to give the orange 
0'iIsM(C 8H12R)(r 5-0 5H5 ) and with tertiary phosphine ligands (L) 
to give M(C 8H12R)(L)Cl. 	These compounds can then react with an 
electrophile such as Ph 3C to give the cations [M(C 8H12 )(r 5-c 5H5 )J + 
and [M(C8H12 )(L)ClJ 	(Scheme 45)105 
Reaction of [M(diene - OCH3)Cl] 
2  with a neutral bidentate 
ligand (L-L) (L-L = 2,2 bipyridyl, ethylenediamine, 1,2 bisdiphenyl-
phosphinoethane) gave the cationic complex [ivI(diene - ocJ-i3 )(L-L)]c1 16 
Thus, reactions of MC1 2 (diene) complexes with various 
neucleophiles containing oxygen or nitrogen donor atoms have been 
studied extensively. 	However, very little work has been carried 
out on reactions of MC1 2 (diene) with sulphur containing nucleophiles. 
One such study is concerned with reaction of MC1 2 (C 7H8 ) with 
AgSCF3 .'°7 When M=Pt, displacement of both chlorine atoms by 
CF3S groups occurred to give the white crystalline compound 
Pt(SCF3 ) 2 (C7H8 ). 	However, the analogous reaction where M=Pd 
resulted in addition of CF 3S groups to the norbornadiene ligand to 
give two products [Pd(C 7H8 .SCF3 ] 2Cl 2 and [Pd(c 7H5scF3 J 2Cl(ScF3 ) 
shown by 1 H nmr spectroscopy to be nortricyclyl derivatives (47). 
The tendency for palladium and not platinum to undergo this type 
of reaction could be due to the weakness of Pd-alkene bonds relative 
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• 	(47) 	3 
Manzer et al prepared complexes of the type 
I Pt (diene) (CH 3 )(sol))pF (sol = acetone, MeOH,THF) by reaction of 
Pt (diene)(CH3 )Cl with AgPF 6 108  since it was discovered that in the 
ionic compound, the diene was more labile and could be displaced 
by various ligands. 	In this study,[ Pt (diene)(C113 )(MeOJi)) PF 6 
was treated with an equimolar amount of NaS 2CNEt2 .3H2O and 
cyclo-octa-1,5 diene was readily liberated. 	On the basis of 
elemental analysis, the insoluble yellow product was believed to 









Reaction of (48) with PPh 3 and AsPh3 readily gave the 
soluble neutral complexes PtCH 3 (S 2CNEt 2 )L (L=PPh3 sPh3 . 
Since the completion of our studies, Haszeldine et al 
have published the reactions of PtCl 2 (diene),(diene = 
dicyclopentadiene,CH; norbornadiene, C 7H8 ) with the thio 
100 
nucleophiles SCN and SPh. 109 
They found that in the reaction of PtC1 2 (C 7 H8 ) with 
SCN or ThPh, nucleophilic attack occurred only at the site of the 
metal and not at the co-ordinated diene (equation ['161). 
_








Reaction of (49) with PPh3 resulted in complete 
displacement of the diene and formation of thio bridged complexes 
(50). 
• X 	X PPh3 
Ph P 	 X 
3 
(50) 
However, PtC1 2 (C 10H 12 ) reacted with 2 molar equivalents 
of SCN or SPh to give products in which nucleophilic attack at 
both the metal and the diene had occurred i.e.[Pt(alkenyl.x)xJ 2 
(alkenyl =C 10H 12 ; X = SCN,SPh). 	When X = NCS, it was found by 
infrared studies that the organic substituent is bonded through 
nitrogen. This complex reacted with PPh 3 without loss of the 
alkenyl ligand to give Pt(alkenyl.NCS)(SCN)pPh 3 . 	However, the 
benzene thiolate derivative did not react with PPh 3 . 
4.2 	Results and Discussion 
101 
4.2.1 	Reaction of PdX2 (C 12 ) with (S-S) (S-S=Th 2CNR2 ,S 2COEt, 
X=Cl,Br) 
Addition of an acetone solution of NaS2CNEt2 .3H20 to 
PdC1 2 (C8H12 ) (C8H12=cyclo-octa-i. ,5 diene) in dichloromethane 
(1:1 molar ratio) gives a dark orange solution and a 
precipitate of sodium chloride. 	The smell of free cyclo-octadiene 
was also detected. 	The orange solid which is isolated on addition 
of diethylether was found to have the empirical formula 
PdC1(S2CNEt2 )1. 	Addition of excess NaS 2CNEt2 .3J-1 20 to both 
PdC1 2 (C 5H12 ) and [Pdcl(s 2crt2 )J gives the well established 
110 compound Pd(S2CNEt2)2 	. 	Molecular weight measurements in 
chloroform are consistent with n=2, and the structure was therefore 
formulated as the square planar chloride dimer (51). 
E t2N C(Pd 	 Pd C NEt2 
CL 	 z S 
(51) 
Additional evidence for this structure comes from the far 
infrared spectrum which shows a strong band at 300cm' 
(bridging vpdcl) absent in the spectrum of the analogous bromo 
complex [PdBr(S2CNEt2)] 2 
	The latter was prepared either by 
reaction of PdBr(C 5H, 2 ) with NaS 2CNEt2 .3H20 or by reaction of (51) 
with excess lithium bromide. 	The far infrared spectrum contains 
a band at 170cm 	indicative, of bridging Br ligands. 	Similarly, 
the chloride bridges can readily be exchanged for SPh by treatment 
of (51) with NaSPh to give [Pd(sPh)(s 2cNEt2 )1 2 . 	The absence of the 
102 
band at 300cm 1 in the infrared spectrum was evidence for 
complete exchange of Cl -  for SPh. 	The I H ninr spectra of these 
complexes (Table 4.2) show magnetically equivalent ethyl groups 
which is again consistent with structure (51). 
However, reaction of PdC1 2 (C 8H12 ) with NaS 2CNMe2 .2H20 
gives only Pd(S 2CNMe 2 ) 2 which can almost certainly be attributed 
to the high unsolubility of Pd(S 2CNMe2 ) 2 . 
[PdBr(S 2CNNe 2 ) 2 J 2 can however be prepared by reaction 
of 2-phenylazophenyl(N,N dimethyldithiocarboinato) palladium (II) 
with bromine, the 2-phenylazophenyl ligand being removed as 
2-bromoazobenzene (Scheme 4.6)111 
Reaction of PdCl 2 (C 3H 2 ) with KS2COEt (1:1 molar ratio) 
gives the analogous chloride bridged complex [ PdC1(S2COEt)] 2 
However, unlike [Pdcl(s2cNEt2)] 2 this orange red solid slowly turns 
brown on standing and rapidly decomposes when heated in 
dichloromethane. 	Reaction of PdC1 2 (C 8H12 ) with an equimolar 
amount of NaS 2PMe 2 .2H20 in CH2C1 2/acetone also gives an immediate 
red solution but this rapidly turns brown and deposits a brown 
solid. 	The decomposition products were not investigated further. 
An attempt was made to prepare[PdC1(S 2PMe2 )] 2 from 
reaction of 2-phenylazophenyl(dirnethylphosphinodithioato)pal1adj(II) 
with bromire. 	However, a brown intractable solid was again 
obtained. 
However, although attempts to isolate [PdC1(S2PMe2)] 2 
have proved unsuccessful, evidence strongly suggests that this 
complex is initially formed in the reaction of PdC1 2 (C 8H12 ) with 
NaS2PMe2 .2H20(see later). 	With excess NaS 2PMe 2 .2H20, Pd(S 2PMe2 ) 2 
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formation of these chloride dimers is outlined. 
Presumably the difference in behaviour between sulphur 
ligands and oxygen and nitrogen nucleophiles is due to the class 'b' 
(soft base) character of the former resulting in a greater 
affinity for palladium (II) (c.f. Haszeldine et al's recent 
studies). 109  
4.2.2 	Reaction of[ PdC1(s-S)],)  with Lewis Bases (L) 
In common with other halide bridged dimers e.g. 
[ RhC1(C0) j12, [ MX(PR 3 )] (M=Pd,Pt) the complexes [ PdCl(S-s)]2 
are excellent precursors for a variety of reactions. 	Thus, 
cleavage of the chloride bridges by a wide range of Lewis bases(L) 
gives the monomeric PdCl(S 2CNEt2 )L. (L=PPh3 AsPh3 , SbPh3 , C 5H5N). 
These compounds (for L=tertiary phosphine) were prepared by an 
alternative route i.e. reaction of [Pdcl2(PR 	2 with Na(S-S) 
(see Chapter 3). 	However, with weaker bases in the palladium 
co-ordination sphere, only Pd(S 2CNR2 ) 2 was formed by this method. 
Thus, addition of L to a dichloromethane solution of 
[PdCl(S 2CNEt2 )J 2 produces a colour change from orange to yellow 
and, with the exception of L=CO, yellow or orange solids are 
isolated from the reaction mixtures. 	However, although reaction 
with carbon monoxide also gives the initial yellow solution, on 
solvent removal, only the original dimer is isolated. 	Attempts to 
obtain a 1  H nmr spectrum of the expected product PdCl(S 2CNEt2 )(cO) 
in CDC1 3  even under a CO atmosphere also failed presumably due to 
facile loss of Co and re-formation of (51). 
As found earlier for PdX(S 2CNEt2 )PMe 2ph (X=Cl,Br,I) 
(Chapter 3) all these compounds PdC1(S 2CNEt2 )L show two 
magnetically inequivalent ethyl groups in their 1H nxnr spectra at 
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For L=EPh3 (E=P,As) the 1H nmr spectra are very similar 
in the methyl and methylene proton regions with separations between 
the two triplets of 6Hz and between the two quartets of 15Hz in 
both cases. 	However, for L=C 5H5 N, the separation is reduced to 
1Hz and 3Hz respectively. 	This difference must be due to the fact 
that when L=EPh3 , the methyl and methylene protons closest to L are 
influenced by the ring currents of the phenyl groups, causing them 
to be more shielded than the protons of the other ethyl group which 
produces a shift to lower frequencies. 	However, for L=C 5H5N, the 
effect is not as great since the ethyl group is not in such close 
proximity to the ring and thus, the difference in chemical shift 
between the two triplets and two quartets is much smaller. 
The thibl bridged complex IPd(SPh)(S 2CNEt2 )1 2 is analogous 
to one prepared by Fackler et al by reaction of 
[M(SR)(S 2 CSR )J 2&1 M=Pt,Pd) with Et 2 NH. 114 	Reactionof 
[M(sR)(s 2cNEt 2 )1 2 thus formed with PMePh 2 was reported to give 
[Pd(SR)(S 2CNEt2 )(PMePh 2 )) which from 1H nmr studies was tentatively 
formulated as a five co-ordinate dimer) 14 However, more recently 
it was suggested 65 that the compounds might be monomeric, but, since 
no solid could be isolated, this could not be confirmed unequivocally. 
Reaction of [Pd(SPh)(S 2CNEt 2 )] 2  with PPh3 gives the red, 
107 
crystalline monomeric Pd(SPh)(S 2CNEt2 )pPh3 , the 1 H nmr spectrum 
of which again shows the magnetically inequivalent ethyl groups 
consistent with structure (52) (Fig. 4.2). 	The chemical shift 
difference is not as great as it was when L=PPh3 and X=Cl. 	This 
is presumably due to' the fact that the protons nearest X are more 
shielded when X=SPh than when Xzhalide due to the influence of the 
ring current and therefore resonate at a lower frequency. 	The 
position of the lower frequency quartet (assigned to the -CH2 protons 
nearest PPh3 ) remains almost unaltered on changing the group X. 
It was thought originally that since thiol bridges are 
known to be more resistant to cleavage by Lewis bases than are 
chloride bridges, it might be possible to generate a complex 
containing unidentâte dithiocarbamato ligands (53) analogous to the 
acetate complex (54) by attack of the tertiary phosphine at the 
dithiocarbamate S-Pd bond. 
S 
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However, formation of the bidentate dithiocarbamato ligand must be 
more favoured. 
Reaction of [Pdcl(s2coEt)] 2 with excess PPh 3 in 
dichioromethane gives a yellow solution from which the yellow solid 
PdCl(S2COEt)PPh3 is obtained. 
It was stated previously (4.2.1) that reaction of 
108 
Fig. 4.2. 
1 H nrnr spectrum of Pd(SPh)(S 2CNEt)(PPh) 
(-CH2 and -C 3 regions only) 
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(C H ) with NaS PMe . 2 211 0 (in a 1:1 molar ratio) resulted 
in a colour change from yellow to dark red followed by 
precipitation of an amorphous brown solid which was not 
characterised. 	However, if an excess of PPh 3 is added to the 
red solution before decomposition occurs, the colour changes.to  
orange and an orange crystalline solid is obtained on addition of 
diethylether/pentane. 	The infrared spectrum shows the presence 
of PPh3 and a band at 580 cm assigned to a bidentate S 2PMe 2 
group. 	The 1H nmr spectrum contains a doublet at 2.035(S 2PMe 2 ) 
and a multiplet between 7.20 and 7.808(PPh3 ) of relative intensity 
4:15. 	The compound analyses for PdC1(S 2PMe2 )PPh3 (Table 4.1) 
which strongly suggests that the red solution contains [Pdc1(s 2PIe2 )] 2 . 
Hence, the order of stability of the chloride bridged 
dimers is [PdC1(S2CNEt2)] 2 [Pdcl(s2coEt)1 2 > [PdCl(S2PMe2)J 2 
This can be correlated with the established order of Pd-s bond 
strengths i.e. S2CNEt2>S2COEt.>Th2PMe2 38 
4.2.3 	Reaction of fPdCl(SS)J 2 with Cl and (S-S) 
A typical reaction of halide bridged dimers is the reaction 
with halide ion to give anionic complexes e.g. Me 4N[RhC1 2 (CO) 2] 
from reaction oft RhCl(C0)2] 2  and Me4NC1. 112 	Similarly, reaction 
of [ PdCl(S2CNEt2)I 2  with M'Cl/HCl in acetone gives 
+ 	1 M [PdCl 2 (S 2CNEt) (M = Ph4As+  ,Ph3 PhCH2P ). The H nmr spectrum 
consists of a single triplet (CH 3 ) and quartet (CH 2 ) pattern 
(Table 4.2) and itsi.r. spectrum show:VPdCl at 300 and 275 cm' 















An attempt was made to prepare complexes of the type 
Ph4As{Pd(S-S) 3 1 by reaction of Ph4As[PdC 1 2 (S-S)J with Na(S-S) 
(S-S = S2CNEt2 ,S2COEt). 	However, this proved to be 
unsuccessful. 	Reaction of Ph4As[PdC1 2 (S 2CNEt2 )J with 
NaS 2CNEt2 .3H20 gives Pd(S2CNEt2 ) 2 whereas reaction of 
Pn4As[PdCl 2 (S 2COEt)J with KS 2COEt results in the formation of 
Ph4As[Pd(S2COEt)(52C0)J . 	This is consistent with earlier work 
(Chapter 2) where it was possible to prepare tPh 4As[Pt(s 2coEt) 31 
by reaction of Pt(S 2COEt) 2 with KS 2COEt/Ph4AsC1 but the 
analogous Pd reaction generated the rearranged product 
Ph4As[Pd(S 2CO)(S 2COEt)] 
Since the chloride bridges in [Pdcl(s 2cNEt2 )J 2 can be 
cleaved with excess S2CNEt2 ion to give Pd(S2CNEt2 ) 2 , the äimer 
was reacted with NaS 2PMe2 .2H20 in an attempt to synthesise the 






However, the 1H nmr speátrum in CDC1 3 of the orange-
yellow product contains more signals than expected for (56). 
Comparison with the 1H nmr spectra of Pd(S 2CNEt2 ) 2 (1.27(t) and 
3.725()) and Pd(S 2PMe 2 ) 2 (2.108(d)) showed that both these 
products are present in solution. 	Hence, the remaining signals 
centred at 1.255(triplet), 2.125(doublet) and 3.65(quartet) were 
assigned to the mixed dithiocarbamate. phosphinodithioate complex. 
It is interesting to note, that when the CDC1 3 solution 
of (56) was left for 24 hours and the 'H ninr spectrum was recorded 
again, the relative intensities of the signals had altered. Those 
assigned to Pd(S 2CNEt2 )(S 2PMe 2 ) increased in intensity relative to 
those assigned to Pd(S 2CNEt2 ) 2 and Pd(S 2PMe2 ) 2 . (fig.4.3). 
The same 1H nmr spectrum was obtained for an equimolar 
mixture of Pd(S 2CNEt2 ) 2 and Pd(S 2PMe 2 ) 2 . 	The equilibrium shown 
in equation [17 ] was established after ca 1 hour and lies 
predominantly to the righthand side.. 
Pd(S2CNEt2 ) 2 ± Pd(S 2PMe2 ) 2 	' 2Pd(SCNEt2 )(S 2pMe2 ) -----1171. 
Similarly, Fackler has recently shown that mixing 
Ni(S2CN [CH 2Ph 2 ) 2 and Ni(S 2CN'Bu2 ) 2 produced extra resonances in 
the 1H nmr spectrum which were assigned to the mixed complex 
Ni(S2CNCH2Ph 2 )(S2CN1Buz ) 6S . 	In contrast, the 'H nmr spectrum 
of an equimolar mixture of Pt(S 2CNEt2 ) 2 and Pt(S 2PMe2 ) 2 at 301K 
showed no evidence for the formation of Pt(SCNEt 2 )(S 2PMe 9 ) which 
can again be attributed to the decreased lability of Pt-S compared 
to Pd-S and Ni-S bonds. 	in agreement with this, Pt(S 2CNEt2 )(S 2PMe2 ) 
(see later) does not disproportionate at ambient temperature and 




1 H runr spectrum of Pd(S2CNEt2 )(S2 1e2 ) t 	 S. 
Initial spectrum 
Spectrum after 24 hours, 
PO 
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Addition of an excess of PPh3 to a suspension of 
I'Pd(S 2 CNEt  2 )(S  2 Me  2 ) 11 in benzene produces a yellow solid which 
analyses closely for Pd(S 2CNEt2 )(S 2pMe 2 )pph3 (57). 	The i.r. 
spectrum of (57) contains a band at 605 cm which is attributed 
to a unidentate S 2PMe 2 group whereas the absence of a band at 
578 cm 	indicates there is no bidentate S 2PMe 2 ligand. 	The band 
at 1515 cm is indicative of bidentate S 2CNEt2 co-ordination. 
This evidence is consistent with a solid state structure (57). 
PMe 





However, the 'H nmr spectrum is less well defined. 
Unlike the analogous platinum complex Pt(S 2CNEt2 )(S 2PMe 2 )PMePh2 
whose spectrum was completely consistent with structure 57) 
(see Chapter 3), the I H nmr spectrum of the palladium complex 
contains small additional resonances superimposed on some of 
those of (57). 	These appear to correspond to Pd(S 2CNEt2 ) 2PPh3 
and Pd(S 2PMe 2 ) 2 PPh3 suggesting partial disproportionation of 
(57) occurs in solution (Equation [181). 
)PPh)-II Pd(S2CNEt2)2PPh3+Pd(S2prvJe2)2pph3 ---- [,81. 
4.2.4 	Reaction of PtC1 2 (C 8H12 ) with S2CNEt2 
Reactions of the analogous PtCl 2 (C 8H12 ) with dithio - 
ligands have not been studied in great detail but preliminary 
results indicate that the products of these reactions are different 
114 	- 
from those of palladium. 
Thus, addition of an acetone solution of 	- 
NaS2CNEt2 .3H0 to PtC12 (C8H 12 ) In dichtoromethane(1:1 molar ratio) 	- 
gives an immediate yellow solution and a white precipitate (NaCl) 
and after - ca 30 mins, a pale yellow solid is precipitated. 	This 
was too insoluble for nmr . spectroscopy but the' infrared spectrum 
shows the presence of bidentate Th 2CNEt 2 (VCP = 1548cm 1 ) and a band 
at 310 cm which could be assigned to a Pt-Cl stretching mode. 
Investigation of the mother liquor showed it to be a mixture of 
Pt(S2CNEt 2 ) 2 and PtC1 2 (C 8H12 ). 
On the basis of analytical data (Table 4.1) the insoluble 
yellow material was formulated as (PtC1(S 2CNEt 2 )) 2 .c 8H12 . ( 58). 
An analogous insoluble yellow complex (59) was prepared by Manzer 108 
by reaction of [Pt(CH3 )(C 8H 12 )MeoH]pF6 with an equimolar amount of 




	 (58) 	X= C1 
	
(59) 	X=Me 
Reaction of (59) with PPh 3 and AsPh3 (L) readily gave the 
soluble neutral complexes Pt(CH 3 )(S 2CNEt2 )L plus unco-ordinated 
cyclo-octa-1,5 diene, which the author suggested was consistent 
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with the proposed structure. 	These compounds were also 
prepared by reaction of [Pt(CH3 )(C 8H12 )LJPF6 with an equimolar 
amount of NaS 2CNEt2 .3H20. 
Similarly, reaction of [PtCl(S 2CNEt2 )] 2 .C 8H12 with PPh3 
(1:1 molar ratio) readily gives PtC1(S 2CNEt2 )pph3 and free C8H12 
supporting the above formation (58). 	As expected, the 111  nmr 
spectrum of PtC1(S 2CNEt 2 )pph3 shows magnetically inequivalent 
ethyl groups at ambient temperature. 	A comparison can be made 
with the 
1
H ninr spectrum of the analogous complexes where 
L=PMePh2 and PMe 2Ph. 	The chemical shift differences between the 
magnetically inequivalent ethyl groups which were said earlier 
(Chapter 3) to increase as the number of phenyl rings on the tertiary 
phosphine increased, were found to be the same for L=PPh3 and 
L=PMePh2 . The third phenyl ring in the fbrmer case must 
therefore be sterically unsuitable to interact with the ethyl protons 
to cause a shift to low frequency. 
Reaction of (58) with an excess of PPh 3 in dichioromethane 
gives [Pt(s 2CNEt 2 )(PPh3 ) 21c1.H2o which is identical in spectroscopic 
properties to the product obtained earlier by prolonged reaction of 
Pt(S 2CNEt2 ) 2 with an excess of PPh J in dichlorornethane. 37 	The 
related [Pt(S2CNEt2 )(PMe2 Ph) 2]Cl.H20  has also been prepared by 
reaction of PtC1 2 (PMe 2 Ph) 2 with NaS 2CNEt 2 .3H20. 
Hence, unlike reactions or MC1 2 (diene)(M=Pd,Pt) with 
various oxygen and nitrogen containing nucleophiles which give the 
same type of product, their behaviour with S 2CNEt2 ion is quite 
different giving I PdCl(S2CNEt)J 2  and [ PtC1(S 2CNEt2 )1 2 .C 8H12 
respectively. 	This difference in behaviour between platinum and 
palladium complexes is presumably a consequence of the weaker 
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palladium-alkene compared to platinum-alkene bonds in addition 
to the insolubility of compound (58). 
It should be noted, however, that Fackler et al have 
recently sythesised [PtC1(S2CN'Bu2)J 
2  by reaction of equimolar 
amounts of Pt(S2CN'Bü2 ) 2 and K2PtC14 although higher temperatures 
(323K) and longer reaction times (24h) than those for the 
analogous palladium complex were required. 65 
4.2.5 	Reaction of fPtCl(S 2cNEt2 	H 2 with (S-S) 
Reaction of (58) with NaS 2CNEt2 .3H20 gives Pt(S 2CNEt2 ) 2 
and free diene. 	Therefore, an attempt was made to syñthesise 
Pt(S2CNEt2 )(S 2PMe2 ) by reaction of (58) with NaS2PMe2 .2H20. 	The 
i.r. spectrum of the yellow product contains bands at 1525 and 
578 cm- 1 attributed to bidentate S 2CNEt270 and bidentate Th 2PMe238 
ligands respectively. 	The H nmr spectrum shows a triplet at 
1.305, a doublet at 2.065 and a quartet at 3.555. 	The spectroscopic 
and analytical evidence is consistent with the complex 
Pt(S 2CNEt 2 )(S2PMe 2 ) and, unlike the corresponding palladium complex, 
there was no evidence for disproportionation to Pt(S 2CNEt2 ) 2 and 
Pt(S 2PMe2 ) 2 when Pt(S 2CNEt2 )(S 2PMe2 ) was dissolved in CDC1 3 at 
301K. 
Reaction of Pt(S 2CNEt2 )(S 2Pi\1e,) with PPh3 in benzene gives 
a pale yellow crystalline solid. 	The band at 600 cm in the 
infrared spectrum is evidence for unidentate co-ordination of the 
- 	 38 	 -1 S2 PMe2 li gand, whereas absence of a band at ca 580 cm indicates 
that this is the only mode of co-ordination. 
The I H nmr spectrum (Fig. 4.4) shows two magnetically 
inequivalent ethyl groups (even at 330K) which is consistent with a 
stereochemically rigid structure containing unidentate Th 2PMe 2 and 
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bidentate S2CNEt2 ligands. 	This behaviour was also exhibited 
by the analogous Pt(S 2CNEt 2 )(S 2PMe2 )(PMePh 2 ) (Chapter 3) and is 
explained by the greater nucleophilicity of Th 2CNEt2 compared 
to S2PMe2 . 
4.3 	Experimental 
Microanalyses and molecular weights were obtained as 
described in Chapter 3. 	I.r. and 1 H nmr spectra and melting 
points were obtained as described in Chapter 2. 	Analytical data 
and 1 H nxnr spectroscopic data for the new compounds are given in 
Tables 4.1:and 4.2 respectively. Infrared bands diagnostic of the 
mode of co-ordination of S 2CNEt2 and S 2PMe2 are listed for each 
compound. 
Potassium tetrachioroplatinate (II) and palladium (II) 
chloride were obtained from Johnson-Matthey Ltd., PPh 3 .NaS 2CNEt2 .3H0, 
KS 2COEt, Ph4AsC1.HC1 from BDH, and NaS2PMe 2 .2H20, PdCl2 (C 8 1-1 12 ) 81 
and PtCl 2 lC8H12 ) 82 were synthesised as described earlier. 
4.3.1 	Palladium Complexes 
Di-i-chlorobis N,N-diethyldithiocarbamato palladium(II) :-
NaS 2 CNEt23H20 (0.30g) in acetone was added to a dichloromethane 
solution of[PdC1 2 (C8H12 )1 (0.36g)to give a white precipitate (NaCl) 
and an orange solution. 	The solution was stirred for 30m until 
deep orange in colour and then filtered through celite. Solvent 
was removed under vacuo and a mixture of dicriloromethane (15 cm 3 ) 
and water (15 cm 3 ). 4- was added to the residue. 	The volume of the 
dichloromethane layer was then reduced and diethylether added to 
precipitate the orange product which was washed with diethyl ether 
and air-dried m.p. 236-237°C, V..,N153O  cm1. 
Di- LL-bromobis[N,N-diethyldithiocarbamato palladium (II)] was prepared 
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in the same way by reaction of [PdBr2 (C 8H12 )] and 
NaS 2CNEt23H2O (1:1 molar ratio). m.p.. 210_2120C)cN1535  cm'. 
Alternatively,[[PdBr(S 2CNEt 2 )J 2] was prepared by shaking 
I 5PdCl(s2CNEt2)J 2 with excess lithium bromiae in acetone for 
24 h. 	The solvent was then removed and the residue extracted 
into dichioromethane. Addition of diethylether gave an orange 
powder whicn was filtered off, washed with water, methanol and 
diethylether and air dried. 
Di-}I- thiophenol-bisE N,N-diethyldithiocarbamato 
palladium (II)] 	Sodium thiophenol in acetone was added to a 
dichloromethane solution of [[PdC1(S 2CNEt2 )J 21 , stirred for 30m. 
and then filtered through celite. 	Removai of solvent and addition 
of dichloromethane/cyclohexane gave an orange-red powder which was 
filtered off, washed with water, methanol and diethylether and air 
- 	 0 dried. m.p. 228-230 C,vCNl5lO  cm -1 
Di- L.I - chlorôbist o-ethyldithiocarbonato palladium (II):-.] 
KS 2COEt (0.08g) in acetone was added to a dichloromethane solution 
of[PdCl 2 (C8H12 )] (0.14g) to give an orange solution and a white 
precipitate (KCl). 	After stirring for 30m., the solution was 
filtered through celite and evaporatecito dryness. 	Recrystallisation 
from dichloromethane/diethyl ether gave the dark orange product which 
is unstable and darkens in colour over a 24h. period. 
Chloro(N,N-diethyldithiocarbamato) (triphenyiphosphine) 
palladium (II):- Addition of excess PPh 3 to a dichioromethane 
solution of [jPdcl(s 2cNEt2 )] 2] resulted in a colour change from 
orange to yellow. 	The volume of solution was then reduced and 
diethyl ether was added to give a yellow solid. 	This was filtered 
off, washed with water, methanol and diethyl ether and air dried. 
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Vcrl535 cm. 	Chioro (N,N-diethyldithiocarbamato)( -triphenylarsine) 
palladium (II) m.p. 133_1350C,vcN1535 cm 1 , chloro(N,N-
diethyldithiocarbamato(triphenylstibine) palladium (II) VCN1535 cm -1 
and chloro(N,N-diethyldithiocarbamato)(pyridine) palladium (II) 
m.p. 154-155 0  C, VCN1S3S cm -1 were similarly prepared by reaction of 
PdCl(S 2CNEt2 )3 2J with AsPh3 , SbPh3 and C 5 H 5  N respectively. 
(N, N-Diethyl (dithiocarbamato) thiophenol (triphenyiphosphine) 
palladium (II):- an excess of PPh 3 was added to a dichioromethane 
solution of [PdsPh(s 2cNEt2 ) 2] and shaken for 15m. 	Addition of 
hexane and slow evaporation of tne dichioromethane resulted in the 
formation of the red crystalline product m.p. 178_1790CvCN1510 cm1. 
Chloro(o-ethyldithiocarbonato) (triphenylphosphine) 
palladium (II):- 	KS 2COEt (0.04g) in acetone was adcted to a 
dichloromethane solution of [ PdC1 2 (C 8H12 )J (0.07g) and the 
resulting orange solution was stirred for 30m. 	Triphenylphosphine 
(0.07g) in dichloromethane was then added to give a bright yellow 
solution which was immediately filtered through celite to remove 
KC1. 	Removal of solvent in vacuo and addition of dichlorornethane/ 
pentane gave the required yellow-orange product whicn was filtered 
off, washed with water, methanoi and pentane and air dried m.p. 
1170C (decomp.). 
Chloro(Dimethyl. phosphino. dithioato) (triphenyiphosphine) 
palladium (II):- 	NaS 2PMe 22H2 O (0.09g) in acetone was added to a 
dichloromethane solution of[ PdC1 2 (C 8H12 )] (0.14g) to give a dark red 
solution. An excess of PPh3 was then immediately added giving an 
orange solution. 	This was filtered through celite and the volume of 
filtrate reduced. 	Addition of diethyl ether/pentane gave an orange 
crystalline solid which was removed by filtration and washed with water, 
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methanol and diethyl ether, m.p. 203-205 °C V PS  578 cm 1 . 
Benzyl(triphenyl)phosphoniumn dichloro(N,N-diethyldithio-
carbamato) palladate (II) [ [PdC1S2CNEt2)1 2 (0.28g) in acetone was 
shaken with excess Ph 3PhCH2PC1 (1.00g) and concentrated hydrochloric 
acid (1 cm3 ) for 24h. The solvent was then removed under vacuo and 
the product extracted into dichloromethàne. 	Addition of light 
petroleum (bp 60-80°C) precipitated a yellow-orange solid which was 
filtered off, washed witn water, methanol and diethyi ether and air 
dried m.p. 168_170°CVCN 1522 cm'. 	Tetraphenylarsonium dichloro 
(N,N-diethyldithiocarbamato) palladate (II) was prepared similarly 
by reaction of[ tPdCl(S 2CNEt 2 )1 2 J with excess Ph 4AsC1.HC1 in 
acetone VCNI.522 cm -1 
!t(N,N_Di ethyldithiocarbamato) (dimethylphosphinodithioato) 
palladium (II)":- 	An excess of NaS 2PMe22H2O in acetone was added 
to an acetone solution of[ IPdC1(S2CNEt2)} 2'  to give a pale orange 
solution and,a white precipitate (NaCl). 	Removal of solvent after 
15m. followed by extraction with dichioromethane and addition of 
diethyl ether gave an orange solid which was filtered, off and 
washed with water, methanol and diethyl ether vCNlSl5  cm', 
V, PS 578 cm-1
.  
(N,N-Diethyldithiocarbamato) (dimethylphosphinodithioato). 
(triphenylphosphine) palladium (II) :- Excess triphenyiphosphine 
was added to a suspension of "[Pd(s2Crt2)(s2PMe2)l " in benzene to 
give a yellow.solution. 	The volume was reduced under vacuo and 
additisn of diethyl ether/pentane gave a yellow, crystalline solid 
which was filtered off and washed with water, methanol and diethyl 
ether vCNlSlS  cm- 1 , V p3 605 cm 1 . 
4.3.2 	Platinum Complexes 
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t -Cyclo-octa 1,5-diene-bis chioro (N,N-diethyldithio--
carbamato) platinum (II) NaSCNEt 23H20 (O.11g) in acetone was 
added to a dichioromethane solution of [PtCl2 (C8H12 )j (0.19g) to 
give an immediate white precipitate (NaCl) and a yellow solution. 
On further stirring, a yellow precipitate was formed and after lh, 
this was filtered off, washed with water to remove NaCl, methanol, 
diethyl ether and air dried m.p. 190-192°C VCN1SSO cm —1 
ChloroN,N-diethyldithi6carbamato) (triphenylphosphine) 
platinum (II):- 	Triphenylphosphine (0.17g) was added to a 
suspension of [Ptcl(s 2cNEt2 )J) C8H12 	(O.11g) in dichioromethane 
to give a pale yellow solution. 	Removal of some solvent and addition 
of diethyl ether/pentane gave a yellow precipitate which was 
filtered off and washed with water, methanol, diethyl ether and air 
dried m.p. 191-194 °C v,,153O cm'. 
(N, N-diethyldithiocarbamato)bi s (triphenyiphosphine) 
platinum chloride-water (i/i). 	An excess of PPh3 was added to a 
suspension of[PtC1(S 2CNEt2 )} 2C 8H121 in dichioromethane to give a 
colourless solution. 	After removal of some solvent, addition of 
diethyi. ether/pentane gave a white precipitate which was washed with 
water, methanol and diethl ether m.p. 174-175 ° y 	 C VCN15SO cm. 
(N, N-diethyldithiócarbamato)bis ( dimethylphenylphosphine) 
platinum chloride-water (1/1). 	Excess NaS2CNEt23H2O.in acetone 
was added to cis-[PtC1 2 (PMe 2 Ph) 2 1 in dichioromethane and shaken for 15m. 
to give a very pale yellow solution and a white precipitate (NaCl). 
Removal of solvent and addition of dichioromethane/diethyl ether 
gave a white solid which was washed with water, methanol, diethyl 
ether and dried. 	The same compound was reported elsewhere 17 by 
the prolonged interaction of [ Pt(S 2CNEt2 ) 2 } and PMe 2Ph in 
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dichioromethane. 
(N, N-Diethyldithiocarbamato) (dimethylphosphinodithioato) 
platinum III):- An excess of NaS 2PMe 22H2O in acetone was added 
to a suspension of [1Ptc 1 (s 2cNEt2 ) 2 c 8H121 in dichioromethane and 
stirred for ca lh. The yellow solution was then filtered through 
celite to remove NaCl and the solvent removed under vacuo. 	The 
resulting yellow product was extracted into dichioromethane, 
reprecipitatea by addition of pentane and washed with water, methanol 
and diethyl ether m.p. 197-200°C (decomp.)vCN1528 cm- 	cm 1 . 
(N,N-Diethyldithiocarbamato) (dimethylphosph.nodithioato) 
(triphenylphosphine) platinum (II):- Excess triphenyiphosphine was 
added to a suspension of IPt(S 2CNEt 2 )(s 2PM 2 )1 in benzene to give a 
pale yellow solution. Removai of some solvent and addition of 
diethyl ether/pentane gave the pale yellow crystalline product which 
was washed with water, methanol, diethyl ether and air dried 
m.p. 199_2010evCN1520  cm 	V PS 603 cm'. 
Analytical Data for some Palladium (II) and Platinum (11) Dithioacid Complexes 
Found % Required % .1 
Complex C H N Others Ma C H N Others M 
PdCl(S2CNEt2 ) 2 ] 210 3.5 4.7 Cl, 	12:1 694 20.7 3.5 4.8 Cl, 	12.3 579 
[PdBr(S2 CNEt 2 ) 2 ) 18.2 3.0 4.1 740 18.0 3.0 4.2 - 668 
[iPdsP11s2cNEt232] 36.2 4.0 3.8 - 780 36.4 4.1 3.9 - 726 
[Puc1(s 2coEt)3 2 ] 14.1 1.9 - - 13.7 1.9 - - - 
[Pdcl(S2CNEt2 )PPh 3] 50.0 4.3 2.3 - 50.0 4.5 2.5 - -- 
[PdC1(S2 CNEt 2 )Aspli] 46.2 4.2 1.9 Cl, 	6.0 46.4 4.2 2.3 Cl, 	6.0 
[pdCl(s 2 CNEt2 )sbpi} 42.8 3.8 1.8 Cl, 	5.2 - 43.0 3.9 2.2 Cl, 	5.5 - 
[Pdc].(s2 cNEt2 )c5 Ii 5 "fl 32.0 4.1 7.1 - - 32.6 4.1 7.6 - - 
[Pdcl(s 2 coEt)Pph 3 J 48.3 3.8 -. 466 48.1 3.8 - - 524 
[PIC1(S2PMe2 )PPh 3 ] 45.6 4.0 - -- - 45.4 4.0 - - - 
[Pd(S1Th)(S 2 CNEt2 )PPh 3} 	. 55.2 4.7 2.3 - 596 55.7 4.8 2.2 - 625 
CA 
TABLE 14 . 1 (eontinue) 
Analytical Data for some Palladium (II) and Platinum (XI) Dithioacid Complexe 
Found % Required % 
f2m C H N 	Others 	Ma C H N 	Others 	M 
Ph3PhCH2P[PdC12 (S2CNEt2 )] 52.8 4.7 2.0 	 -. 53.1 4.7 2.1  
[Pd(S2CNEt2 )(S2P1e2 )pPh 3] 46.5 5.0 2.2 	 - 46.8 4.8 2.2 	- 	- 
[PtCl(S2CNEt2 )3 2 C8H 12 1 25.3 3.7 3.0 	 - 25.0 3.6 3.2  
[PtCl(s2CNEt2)PPh3] 43.3 3.9 2.1 	- 43.1 3.9 2.2 	- 
20.1 3.5 2.9 18.0 3.4 3.0 
[ Pt(S2CNEtS2p1e)pph] .41.4 4.0 1.9 	- 	- 41.1 . 	4.3 1.9  
a Molecular weight measured osmometrically. at 370C in chloroform 
TABLE 4.2 
1Hnrnr Data in CDC1 3 at 301K for some Palladium (II) - and Platinum (II) Dithioacid Complexes 
value 




[ PdDr(S2CNEt2)3 2 
[ Pd(SPh) (S2CNEt2)3 2 
[PdC1(S 2CNEt 	h 2 )Pp 3} c 
[Pdcl(s2cNEt2 )Asph 3 } 
[Pdcl(s2cNEt 2 )c5 J1 5 N] 
[PdCl(s2 CoEt)PPh 3 J 
f Pd(SP)i) (S 2CNEt 2 )PPh 3] 
b 
b CH CH 
1.33(t) 369(q)C 
1.53(t) 4.67(q) - 
1.33(t) 3 . 70(q )C 
1.18(t) 3.58(q) 7.00 - 8 . 00( m)d 
1.24(t); 1.18(t) 	- 3.71(q); 3.56(q) 7.38 - 
1.13(t); 1.07(t) 3.60(q); 3.46(q) 7.38 - 
1.29(t); 1.28(t) 3.69(q); 3.66(q) 7.40(t) 7.82(t) 	8.82(d) ° 
1.47(t) 4.67(q) 7.00 - 8 . 00( m )d 
1.14(t); 1.12(t) 3.61(q); 3.59(q) 6.95 - 780() d 
ro 
01 . 
TABLE I.2 (continued) 
'H nmr Data in CUM a at 301K for some Palladium (II) and Platinum (II)_Di.thloacld_Complexes 
value  






[PdC1(S 2 PMe2 )PPh 3] 2.03(d) . 7.20 - 
Ph 3 	FI PhC 2P[PdC1 2 (S 2 CNEt 9 )] .1.15(t) 3.54(q) 
532(); 	7.00- 
Ph4As[PdC12 (S2 CNEt 2 )] 1.17(t) 3.53(q) 7.30 - 7 . 90( m)d 
[Pd(S2CNEt2)(S2PMe2)] 	
,,h 
1.25(t); 	2.12(d) 3.65(q) - 
[Pd(S2CNEt 2 )(S2P1e 2 )PPh 3 } 1.27(t); 	1.19(t) 3.70 7.00 - 	8 . 00( m )t 
1.96(d) 
TABLE L2 continue 
1Hnmr Data jnCDC1 3 at 301K for some Palladium (II) and Platinum (II) Dithio acid Complexes 
value   
Complex 	 Dithioligand 
	
Other Ligand Rãsonancos 
I Pt (Cl (S 2 CNEt2 )PPh1 
Pt(S2 CNEt2 )(I'Ph2 ) 2 J Cl.H2 0 
Pt(S2 CNEt2 )(SPM)] 

















s = singlet, d = doublet, t = triplet, q = quartet, in = rnultiplet 
a 	 b2 	 C 	 d 	 e ± 0.01 	
J11 3 2 7.0Hz 	Broad resonance 	Phenyl resonances 	Pyridine resonances 




13. Oil z 	g Methylene, 2 1 	 14. Oil z 	h Solution also contains resonances at 2.02(d)[ Pd(S 2PMe 2 ) 2 1Pil 
and 1.27(t), 3.71(q) IPd(s 2 cNEt2 )j 	Very broad due to Superposition of sonic [Pd(S 2 CNEt22PPh] 
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CHAPTER 5 
Reaction of Palladium (II) and Platinum (II) Dithioacid Complexes 
with Tertiary Phosphinites 
5.1 	Introduction 
In recent years, several groups of workers have prepared 
transition metal complexes of tertiary phosphites P(OR) 3 , phosphinites P(OR)R 
phosphonites 	P(OR) 2R , alkoxyfluorophosphines PF2 (OR) and 
monochlorophosphines PR2C1 . 	The interesting features of these 
ligands are first, their hydrolytic instability and second, their 
ability to undergo a Michaelis - Arbuzov type reaction which is 
characteristic of the chemistry of phosphite esters 115 (equation [19]). 
R-O-P( + R'X 	> [R_o_itRx 	> 0=P-R' + RX .......... [19]. 
By analogy, the following reaction of phosphinite and 
metal-X systems can be considered (X=nucleophile)(equation[20}). 
PR 2 (OR') 	+ M 	X 	 X 
11 . 1 
M -P=O  
R 
A combination of the above two properties has, in several 
cases, resulted in the formation of complexes containing the novel 
ligand (60) where the proton is symmetrically hydrogen bonded between 
the two phosphinito groups. 	This typeof reaction will be discussed 





In 1968, Chatt.and Heaton reported the-formation of 
Ptx2 (ivIR2cl)(M'R'3 ), (X=Cl,Br,I; MP,As; M '=P,AS; R=R "= alkyl  ,phenyl) 
by reaction of the halide bridged complexes [PtX 2 (M'R '3 )] 2 with a 
monochiorophosphine (PPh 2C1 )  PEt2C1) or a monochioroarsine 
(AsPh2Cl,AsMe 2Cl) 6 
Stepwise hydrolysis of PtX2 (MR 2C1)(M'R'3 ) gave initially 
cis-PtX2 (MR2OH)(M'R'3 ) (61) which could readily eliminate HX to form 
binuclear phosphinato or arsinato bridged complexes 
[(M'R'3 )XPt(R2M0) 2 	'' Ptx(MR 3 )J and for M=P, further hydrolysis gave two 
isomeric hydroxides a.and P[(M'R'3)(OH)Pt(R2Po)2pt(oH)(M'R')1(62). 
The structures were determined by 1Hnmr and infrared 
spectroscopy and, in particular, the P - 0 stretching frequencies 
were assigned as follows: ? terminal- (P-0H) 	ca 880cm 1, 
%7(P-O) bridge—  ca 1010cm' 	 terminal ca '(P-0) 	  1103cm. 
The second hydrolysis product was thought to have either 
structure (63) or (64). 
O /MR3 
R'3M 	O / 
(63) 
R2 
RM 7M O 	7X
Pt 
X 	 M7 MR3 
R2 
(64) 
Reaction of this product with sodium ethanethiolate resulted in. the 
replacement of the terminal chloride atoms by ethanethiol groups. 
Facile rearrangement to give bridging SEt and terminal R 2MO was 
then postulated. (Scheme 5.1). 
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R3 M 	 0 	X 
/N 
X 	0_ M 	MR 3 
R2 
R-) 
NaSEt 	R M 	M-0 	SEt 
Pt 	Np' 
N EtS 	O_M/ NM/R 
Et 
R3 M 	 MR 20 
Pt 	P 
0 R2M S 	L. MR3 
Et 
Scheme 5.1 
In addition, a complex containing a terminal[(R2MOr 
group was obtained on reaction of the phosphinato bridged complex 
with p-toluidine(p-tol) resulting in the cleavage of the bridge and 
the formation of the monomer (equation [21]). 
[Ptcl(ph2Po)(PEt3 )J 2 + 2p.-tol 	2PtC1(Ph2PO)(PEt3 )(p-tol).... [211 
The stability of the hydroxy species (62) was not fully 
understood but was thought to be due to a very high trans effect of 
the bridging Ph 2PO. group. 	Recently, a series of mononuclear 
methoxy and hydroxy complexes, cis- and trans- [ MR(OR')(PPh 3 ) 2] (M=Pd,Pt; 
R=alkenyl, alkyl; R'= Me,H) have been studied and it was found that the 
stability and nature of the M-OR bond were influenced by the identity 
117 of both the metal and the trans ligand. 	The anionic character of 
the hydroxy or alkoxy ligand increases as the trans eccec.t increases. 
More recent studies indicate that OH is an abnormal ligand in that it 
forms strong bonds to class b' metal ions. 	For example, the hydroxide 
bridges in the complexes [C 6H6Ru(OH)] 	and [ C 6H6Ru(OH) 3RuC 6H6] PF6 
could not be cleaved with tertiary phosphines 8 
In 1971, Dixon and Rattray reported reactions of 
tetrachioropalladate (II) with both diphenyiphosphine oxide and 
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chlorodiphenylphosphine to form [PdCl(Ph2PO)(Ph2POH)] 2 (equation[22] )h19 
2PdC1 42 + 4Ph2HPO 	>[PdCl(Ph2PO)(Ph2POH)J 2 + 2HC1 + 4C1 ......[22] 
A chloride bridged structure (65) was postulated, in 
contrast to the bridging phosphinato groups proposed by Chatt and 
Hêaton. 	However, the latter study did not include reaction of palladium 
complexes. 
Ph Ph 	 Ph 
0 P 	CI 	P-0 
H. 	 Pd 	Pd 	 H 
Ph Ph 	 . 	Ph Ph 
(65) 
Addition of NaOH or AgNO 3 to the chloride bridged dimer 
resulted in elimination of HCl and formation of the polymer 
[Pd(Ph2PO)]. 	The dimer also underwent bridge cleavage by tertiary 
phosphine ligands to give monomers (equation [23]). 
[Pdcl(Ph2Po)(Ph2P0H)] 2 + 2PEt 3 	) 2PdC1(PEt3 )(Ph2PO)(Ph 2POH). ...[23] 
Reaction of PtCl with diphenyiphosphine oxide or 
chlorodiphenylphosphine generated only the monomeric compound 
PtX(Ph2PO)(Ph2 POW 2 although the analogous iodo bridged dimer was 
obtained on reaction of the monomer with HI. 
In the case of platinum, the diphenylphosphinato bridged 
complex (66) was obtained from reaction of PtX(Ph 2Po)(ph2PoH) 2 with 
NaOH whereas, the corresponding reaction of the palladium complex 










Ph /Ph 	P /  Ph 
P 0 
V 
Pt 	 H 
_ /N _ 7 
/\ 	/\ 
Ph Ph Ph Ph 
(66) 
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These complexes differ from those studied by Chatt and 
Heaton in that they have both diphenyiphosphinous acid 
R 	 -O 
R - P—',M and diphenyiphosphinato R -P ---M ligands within the 
H0 	 R 	
20 same molecule. 	A paper by Troitskaya et a1 1  had also reported 
complexes of the types Pt(P(0R) 20) 2 (P(OR) 20H) 2 and 
[PdC1(P(OEt)20)(P(ÔEt)20H)] 
2 
but not in great detail although a later 
study by Pidcock et al provided 31P and 111  ninr evidence to suggest that 
the analogous complexes PtC1(P(OPh) 20)(P(oPh) 20H)L and 
[Pdcl(P(OPh) 20)(P(oph) 20H)] 2 had structures (67) and (68) respectively 21 




HO(OR)2R 	 P(OR)20 
Pd 	Pd 
O(OR)2 P 	CE 	P(OR)20H 
(68) 
Unlike Pidcock et al who could find no infrared evidence 
for P0-H vibrations, Dixon and Rattray observed very broad absorptions 
in the 1200 - 1600cm and 700 - 800cm 1 regions in complexes where 
there was the possibility of cis arrangement of one diphenyiphosphinous 
acid and one diphenyiphosphinito ligand 19 From this evidence, and 
the fact thatV was ca 970 - 1040cm i.e. intermediate between 
p_OHat ca 880cm and )
P=O  at ca 1100cm 1 they postulated a 












This structure was later used by. Roundhill et al 122, 123  
to explain the products of the hydrolysis of M(P(0nBU)Ph2)4, (M=Pd,Pt). 
In addition, an x-ray structure of [Pd(SCN)(Ph2 PO) 2H] 2 124 (prepared 
by hydrolysis of PdC1 2 (Ph 2 PC 	CCF3 ) in aqueous ethanol followed 
by metathesis) showed the O1_02 distance to be 2.421k (70) which is one 
of the shortest distances known for acid salts. 	An 0-0 distance of 
less than 2A is generally regarded as evidence for a symmetrical 
hydrogen bond. 
Ph Ph 	 Ph Ph. 
N—C 	 0 
H 	 Pd 	 Pd 	
.
e H __ 	 __ __ 
V D__ 
02 /P\ 	 C N 
Ph Ph Ph Ph 
 
The 1 H nmr spectrum of PtH(Ph 2PO)(Ph2POH)(PMePh 2 ) 
contained a broad (Ca 22Hz) resonance at 13.436 which was assigned 
to the acidic ring proton 23 Other workers had been unable to detect 
this although Pidcock et al observed a resonance at 14.96 in the 
111 nmr spectrum of PtCl[(MeO) 2P0{(MeO) 2POH ç L 121 . 	 - 
The ring hydrogen atom was readily replaced by BF  on 
treatment oE, the complexes with BF 3 .Et20 to give (71)123. 
Ph2 
Ct 	P-0 
Pt 	 BF2 
L- 	•-P 	0'-'  
Ph2 
 
The ring protons of Pt(R 2 PO) 2 (R2 POH) 2 (R=Ph,OMe) can be 
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removed by methoxide ion to generate platinum containing ions 
structurally resembling acetylacetonate or imidodiphenylphosphâte 
ion. 	These anions were found to have comparable ligating 
properties through the oxygen atoms towards a second metal ion and 




    
CU 	Pt 
Et P 	 O 	O—P PEt3 
R2 	 R2 
(12.) 
Similarly reaction of PtCl(PEt 3 )(Ph2 PO) 2H with VO(acac) 
126 
gave (73) 
Ph2 	0 	 Ph2 
CE 	P 0 
Pt
0 	 PEt3 
Et P 	P 	0 	0 	P 	CL 
Ph 2 Ph2' 
('73) 
Very recently, reactions of tertiary phosphine 127 
and tertiary amine 128 complexes of platinum (II) and palladium (II) 
with PF2 (OR) have been studied in some detail. 	A number of 
difluorophosphonato complexes of Pt(II) and Pd(II) were prepared 
via the previously mentioned Michaelis - Arbuzov reaction (equation [241 ) 
although a double' Michaelis - Arbuzov reaction is possible. (equation 
[25]). 
MCI 2L 2 + PF2OR 	)trans-MC1L 2 (PF 2O) + Rd. ............. [24] 
MCI 2 (NMe3 ) 2 + 2PF2OR 	)[R.NMe3 ] 2[ cis-MCI 2 (PF 2O) 2] ......[251. 
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It was found, in agreement with the Michaelis - Arbuzov 
reaction, that the reactivity of PF2 (OR) towards MC1 2L 2 decreased 
in the order R = C3 H5>alkyl>Ph, and also that the reaction was 
faster in polar than in non-polar solvents consistent with the 
intermediacy of a charged complex. 
This type of mechanism was also proposed by Haines et a1 129 
to explain the formation of TI 5-0 5H5Fe(C0) 2 .P(0)(oR) 21 from reaction of. 
T)5-0 5H5Fe(CO 2C1 with P(OR) 3 ,p(oR) 2 R or P(OR)R 
2  (equation (26]). 
11 5 H5Fe(CO) 2 Cl + P(OR) 3 	)T 5-0 5H5 Fe(C0) 2P(OR) Cl 
)15-0 5H5 Fe(C0) 2 [P(0)(OR) 2] +RC1 ....... [26].. 
The initially formed ionic complex could be trapped out by 
BPh4 . 	The analogous molybdenum compounds were also reported 130 
Examples of complexes containing the RR'P(0) ligands are 
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i also known n cobalt chemistry 	where addition of ligands 
containing the POCH3 linkage (e.g. P(OCH3 )RR') to dichioromethane 
solutions of CoC1(DH) 2 L (L = pyridine, 1-methylimidazole; 
DH = the monoanion of dimethyiglyoxime) generated Co(DH) 2 (P(0)RR')L. 
This reaction was monitored by 'H nmr spectroscopy where it was found that 
on addition of Cl—  to C0C1(DH) 2P(OMe) 3 , the ThMe resonances from 
co-ordinated P(OMe) 3 shifted from 3.616 to 3.176 (corresponding to 
co-ordinated P(0)(OMe) 2 . and a singlet at 2.986 corresponding to the 
methyl resonance of CH3C1 increased in intensity (Equation (27]). 
C0C1(DH) 2P(OCH3 ) 3 + Cl- 	—>CoCl(DH) 2 (P(0)(OCH3 ) 2 +CH3C1... [27]. 
Ru3 (C0) 9 [P(oc 6 H4R) 3]'32 formed by reaction of Ru 3 (C0) 12 with P(OC 6H4R) 3 
undergoes intramolecular metallation and degradation reactions in 
refluxing decalin to generate as one of the products the 
diaryiphosphonate complex Ru 2H(C0) 3[P(OC 6H_R)(OC6H4R) 2 ][ OP(C 6H4R) 2 .] 
Very recently 133  an x-ray study was carried out on the 
136 
product obtained from pyrolysis of solutions containing 
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One half of the dimer contains both methoxyl groups and 
interatomic distances suggest that the proton on 01  interacts with 
0 5 . 	The other half of the molecule contains one Ph 2PO group and 
two Ph2POH groups and the protons on 02  and 0 4 interact with the 
negative charge on 0 3 . 
Robinson et a1 134 have carried out a number of reactions 
of metal halides, metal -carbonyl halides and metal alkene halides 
(M=Ag,Au,Pt metals) with L(L=P(OR) 2Ph, P(OR)Ph 2 and P(OR) 3 ) to 
prepare a wide range of neutral complexes of the type RuCl 2 (C0) 2L2 , 
RuC1 2 (C0) L331 PtC1 2L 2 , PdC1 2L 2 . 	There was, however, no evidence 
of rearrangement or hydrolysis of the phosphorus. containing ligand 
under the conditions of reaction and, as discussed later, this reflects 
the stability towards hydrolysis of co-ordinated P-OR linkages compared 
to free P-OR moieties. 
In view of the extensive studies made on reactions of 
M(S-s) 2 with tertiary phosphines, arsines and stibines (M=Pt,Pd; 
S-S = S 2PR2 , S 2CNEt2)  S2COR, S 2P(OEt) 2 ,Th 2PF 2 ; L = PPh3, 
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PMe 2Ph, PMePh 2 , AsPh3 ,SbPh3 ) (see Chapter 1 for details) it was 
decided to extend this work to include reactions with diaryiphosphinites 
P(OR)Ph 	(R=Me, Et). 
It is of particular interest at this stage to reconsider 
reactions of M(S 2COEt) 2 and M(S 2P4oEt} 2 ) 2 with an excess of PR/ 337 







R' P7 V RP 	 2 3 	 3  
R'S200R 
SCHEME 5.2 
An analogous scheme.can be considered for the reaction of 
Pt(S 2PoEt 2 ) with PR' 3 where the final product was (76). 
R'3 
Pt 	P 
R'3 P 	 s 	O Et 
(76) 
Therefore, in the reactions of platinum (II) and 
palladium (II) with tertiary phosphinites P(OR)Ph 2 it might be 
expected on the basis of the earlier work just described that both 
hydrolysis of the P-OR group and/or nucleophilic attack on the 
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P-OR group will play a significant role. 
5.2 	Results and Discussion 
5.2.1 	Reaction of M(S-S) 2 with P(OR)Ph 2 (M=Pt,Pd;(s-s)=s 2cNEt2 , 
S2PR2 ) 
Addition of an excess of P(OMe)Ph2 to a dichloromethane 
solution of Pd(S 2PMe 2 ) 2 immediately gives a highly conducting 
solution - which slowly decreases in value when the solution is left 
to stand for 24h. 	This decrease in conductivity is accompanied 
by a colour change from orange yellow to pale yellow, and, on 
addition of diethylether a pale yellow non conducting crystalline 
precipitate is obtained (77). 
The 'H nmr spectrum of this product contains in addition 
to the phenyl multiplet, a sharp doublet at 1.976 (2JP012.0Hz) 
(relative intensity 20:6) which is assigned to the methyl protons of 
the Th2PMe 2 ligand. 	There are however, no signals between 3 - 46 
which could be assigned to the methoxy group of the tertiary phosphinite 
and which are observed in the spectrum of P(OMe)Ph 2 . 	The same 
compound is formed by using P(OEt)Ph2 or by carrying out the reactions 
in benzene which both eliminates the possible participation of 
chloride ion in these reactions c.f. the reaction of 
[M(s2cNR2)(PR 32' S 2CNR2 with CH2C1 2 which gavel M(S2CNR2)(PR 32' Cl 
and CH2 (S 2CNR2 ) 237 and suggests either hydrolysis and/or nucleophilic 
attack on the P-OR group has occurred. 
Compound (77) analyses closely for Pd(S 2PMe 2 )(PH2PO)(Ph2P0H) 
and is monomeric in chloroform at 37 °C. 	However, all attempts to 
1  
observe the H nmr signal of the acid hydrogen on the co-ordinated 
diphenyiphosphinous acid have proved unsuccessful. 	This is in 
agreement with related studies on [MX(Ph2PO)(ph2poH)]2 
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(M=Pt,Pd: XrCl,Br) by Dixon et al 119 although Roundhill and 
co-workers 123 observed such a signal at 13.436 in 
PtH(PMePh2 ) (Ph2?0) (Ph2POH). 
The infrared spectrum of (77) shows several bands in the 
P-o stretching region (850 - 1100cm 1 ). 	However, the three strong 
-1 
bands at 850, 895 and 944cm are also observed in the spectrum of 
the starting material Pd(S 2PMe2 ) 2) while the band at 1100cm 1 
corresponds to one usually observed in phenylphosphine complexes and 
can therefore be assigned to a ligand absorption. Thus, the remaining 
intense peak at 1010cm' is assigned to a) 0 stretching mode 
whereas the peak at 582cm 1 is consistent with bidentate co-ordination 
of the S 2PMe 2 group. 	The absence of ON  in the normal region of 
the i.r. spectrum (Ca 3200cm') is consistent with a symmetrical 
hydrogen bond system of the type already proposed by Dixon et al 
in [Mx(Ph2Po)(Ph2PoH)] 2 etc 9 and confirmed by an x-ray 
structural analysis on the related[ Pd(sCN) (Ph 2PO) (Ph 2poH)} 2 124 . 
The 'oH•  frequencies for this type of system lie below 1800cm 1 and are 
difficult to assign. 
Further evidence for this type of system is obtained from 
31 	 . 	 . 
the Pnmr spectrum (proton decoupled) of (77) (Fig. 51.) which 
shows the expected AX  pattern with resonances centred at. 
84.298 (S 2PMe2 ) and 83.20(Ph 2P0HPPh2 ) respectively. 	In addition, 
[Pdcl(Ph2Po)(Ph2PoH)1 2  prepared by the method of Dixon and Rattray 
was reacted with NaS 2PMe 2 .2H20 (1:2 molar ratio) and a high yield 
of (77) was obtained (equation [281). 
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Ph i 	 Ph 2 
,O—P Ct P=O. 	
+ 2NaS 
P  2  
Phi  
2 H 	 PdPMe 	+ 2NaCE 
===e '- 	v 2 
Phi. 
Unequivocal proof of the solid state structure of (77) 








It was shown that the diphenylphosphinite ligands are 
symmetry related which requires the hydrogen atom to lie 
symmetrically between the two oxygen atoms. 	The 0 1  - 02 distance 
of 2.41k is almost identical to the 0 - 0 distance in 
lPd(SCN)(Ph2PO)(Ph2POH)] 2 (2.421)124. 	This supports the suggestion 
of •Palenik et al and others that interaction of the diphenyiphosphinite 
and diphenyiphosphinous acid groups is normal for complexes of 
platinum and palladium (II) containing the two ligands in cis 
orientation to each other. 
Analogous compounds M(S-s) (Ph2PO) (Ph2POH) , (M=Pd; 
s-s = S2PPh2) S 2CNEt2 ; M=Pt, S-S =S 2PMe2 , S 2CNEt2 ) were 
prepared by prolonged reaction of M(S-s) 2 with excess P(oR)Ph 2 in 
dichlOromethane and fully characterised by elemental analysis, 
[281 
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(Table 5.1) i.r. 111 (Table 5.2) and 31P nmr (Table 5.3) spectroscopy. 
The palladium complexes were also synthesised by reaction of 
[Pdcl(Ph2PO)(Ph2PoH)] 2  with either NH4S2PPh2 or NaS2CNEt2 .3H20 
(1:2 molar ratio). 
5:2.2 	Mechanism of Formation of M(S-S)(Ph 2POHOPPh2 ) 
In an attempt to determine the detailed mechanism of 
formation of these compound the nature of the products formed during 
the reaction of M(S 2CNEt 2 ) 2 with P(OMe)Ph2 have been examined in detail. 
Thus, reaction of M(S 2CNEt2 ) 2 with excess P(OMe)Ph2 in methanol 
followed by addition of a methanolic solution of NaBPh 4 gives a pale 
yellow (Pd) or white (Pt) precipitate of[ M(S 2CNEt2 )(P(OMe)Ph 2 )2]BPh4 (78). 
Compounds (78) were characterised by elemental analyses, conductivity 
measurements in dichloromethane which are indicative of 1:1 electrolytes, 
'Hnrnr spectra which show the presence of a "pseudo-triplet" for the 
methoxyl groups with i 	 + 5 j 	 = 12.0Hz (c.f. cis-MCI 2 (P(OMe)Ph2 ) 2PH 
with 1 3 1 	 + 	PHI = 12.5 Hz) and 31P nmr spectra which, for M=PtPH 
shows the expected 1,4,1 triplet (J 	= 3749.0Hz) indicative ofPtP 
magnetically equivalent phosphorus bonded P(OMe)Ph2 groups. 	It has 
been shown therefore that, asin the case of tertiary phosphines, 
the initial increase in conductivity on mixing M(S-S) 2 and P(OR)Ph 2 
is due to the formation of [M(s-s)(P(oR)Ph 2 ) 2 ] (S-S) presumably by 
stepwise cleavage of metal sulphur bonds. 
Treatment of a dichloromethane solution of (78)(M=Pt) 
with NaS 2CNEt 2 .3H20 in acetone (1:1 molar ratio) revealed rather 
surprisingly that even after three days, no reaction had taken place 
and only starting materials were recovered. 	To explain this, it was 
assumed that the bulky BPh4 anion was inhibiting further reaction. 
of the cation and, since NaBPh 4 .is not insoluble in acetone there is 
I- 
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no driving force for the replacement of BPh 4 by S2CNEt2 . 
To overcome these restrictions (78) was treated with 
an equimolar amount of Ph4AsC1.HC1 which precipitated the very 
insoluble Ph4AsBph4 and left a dichloromethane solution 
containing [ Pt(S 2CNEt2 )(P(OMe)Ph 2 ) 2]Cl. 	This solution was then 
divided into three parts which were treated as follows. 
To one portion of the solution was added an equimolar 
amount of NaS 2CNEt2 .3H20 which gives an immediate precipitate of 
NãC1. The conductivity of the filtrate was monitored over a 
period of three days and found to decrease steadily. 	After this time 
evaporation of the solvent and addition of diethylether gives a non 
conducting microcrystalline pale yellow solid (79). 	The 1H nmr 
spectrum consists of a doublet at 3.87 (P(OMe)Ph 2 ), two closely 
spaced quartets at 3.52 and 3.566 , a triplet at 1.236 (Th 2CNEt2 ) and 
a multiplet in the aromatic region. 	The P nmr spectrum (proton 
decoupled) in CDC1 3 at 233K (Fig.5.2.) consists of two doublets at 
38.89 and 94.146 (relative intensity 1:1) with J 	28.0Hz 
PP 
indicative of cis arrangement of different phosphorus containing 
127  
ligands bound to platinum. 	Each of the doublets exhibits platinum 
satellites with J 	 3264.8Hz and 4212.2Hz respectively whichPtP 
confirms that the phosphorus atom of each ligand is directly bonded to 
platinum. The i.r. spectrum contains a strong 	stretch at
PO 
1050cm 	with 	= 1530cm 1 indicative of bidentate co-ordinationCN 
of the S 2CNEt 2 group'° 
This spectroscopic information, in addition to analytical 
data rules out the formation of the 1:1 adduct Pt(S 2CNEt2 ) 2P(OMe)Ph2 
by nucleophilic attack of the Th2CNEt2 ion at the metal. 	It was 
initially thought, by analogy with previous work on tertiary phosphines 
that, in the absence of excess phosphinite the equilibrium (equation [29] ) 
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M 2CNEt2 	Et2NC( 
[2 N/ P(OMe)Ph2j 	
CNEt2 
+ P(OMe)Ph2 [291 
However, all the evidence outlined above is consistent with 
the formulation of (79) as Pt(S 2CNEt2 )(Ph2PO)(P(OMe)Ph 2 ). 	By analogy 
with the complex T 5-05H5Ni(P(0Et) 3 )(P0(0Et) 2 ) 135 which shows two 
doublets centred at 147.5& (P(OEt) 3 ) and 85.86 (P0(OEt) 2 ) and the 
position of the P(OMe)Ph 2 resonance in EPt(s 2CNEt2 )(p(Oivie)Ph2 BPh4 
(94.20 6), the resonance at 94.146 is assigned to P(OMe)Ph 2 and that 
at 38.896 to Ph 2PO. 
Compound (79) is also isolated by reaction of Pt(S 2CNEt2 ) 2 
with P(OMe)Ph2 in dichioromethane for a short reaction time (10 mm.) 
followed by precipitation by addition of diethylether/pentane. 
These experiments demonstrate that the ionic compound 
[pt(S 2CNEt2 )(P(OMe)Ph2 )) S 2CNEt 2 formed initially, subsequently 
undergoes nucleophilic attack by Th 2CNEt2 on a co-ordinated 
P(OMe)Ph2 group (equation [30] ). 
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A second portion of the [Pt(S 2CNEt 2 )(p(OiIe)ph2 ]Cl 
solution was also treated with an equimolar amount of NaS 2CNEt2 .3H20 
in addition to a few drops of P(OMe)Ph 2 . 	Sodium chloride was 
removed by filtration and the pale yellow filtrate was left to 
stand for two days until the conductivity had decreased to a minimum. 
The very pale yellow crystalline solid which was obtained on slow 
evaporation of the solvent was readily identified as 
Pt(S 2CNEt2 )(Ph2Po)(ph2poH) (80). 	This compound is also formed if a 
dichioromethane solution of Pt(S 2CNEt 2 )(Ph2PO)(p(OMe)ph2 ) (79) is 
treated with a small amount of P(OMe)Ph2 for a prolonged period 
whereas, in the absence of free P(OMe)Ph 2 , (79) is recovered from 
solution. 
These results indicate that (79) is slowly converted to 
(80) by displacement of the co-ordinated P(OMe)Ph 2 by free P(OH)Ph 2 
and subsequent formation of the stable PtPh 2POHOPPh 2 ring structure 






2 N5z NP(0).Ph 
Ph 
S 
Et2NC' Pt7 	H  
Ph2 
Evidence for the presence of P(OH)Ph2 under these 
conditions is obtained from 1Hnmr studies on P(OMe)Ph /CDCl over a 
2 
period of 48 hours, when the appearance of the methanol resonance 
was accompanied by a decrease in the intensity of the P(OMe) 
doublet. 	Conductivity studies on P(OMe)Ph 2 /CH 2 C1 2 solutions show 
no increase in conductivity with time indicating that P(OH)Ph 2 and 
not Ph2 PO is formed under these conditions. 
These results are consistent with earlier studies which 
indicate that tertiary phosphinites undergo more facile hydrolysis 
when they are not co-ordinated to a transition metal 36 
If the dichloromethane solution of [M(S 2CNEt2 )(P(OMe)ph2 ) 21 Cl 
is treated with a few drops of P(OMe)Ph 2 and left for several days, (So) 
is also formed whereas, in the absence of excess P(OMe)Ph 2 , (79) is 
obtained. The decrease in conductivity in both cases is slower than 
in the presence of Th 2CNEt2 which is a reflection of the greater 
nucleophilicity of S2CNEt 2 compared to Cl. 
A summary of the reactions involved in the formation of 
M(S 2CNEt 2 )(Ph2PO)(Ph 2 POH) is given in Scheme 5.3. 	Thus, in this 
system both nucleophilic attack on the P-OR bond and subsequent 
hydrolysis of a P-OR bond have taken place. 	A second example, and, 





[Et2Nc(M(s)c N Et21 [Et2NcM0M2] B Ph4 




t2NC\S/M\p(OMe)Ph2 Et.2NC\S/M\p(OMe)Ph2 	 • 
n 
Et2NC" 'M" "H 
• 	 \/ \_" 
Ph2 
i P(OM(,)ITh23NoBTht ,Me OH. . 	ii) Ph4ASC1.J-JC1. 
P(OHe)Ph2 ,CHCi2 ( 10 min.rcaction time ) 
P(0Me)h2 ,Cfl2 C1 	( 24 h.reaction time ) 






to date the only other known case where both these processes have 
occurred, is found in the pyrolysis of 
[(P(O111e)Ph 2 ) 3RuCl3Ru(P(oMe)ph2 L3 l X (f=Cl,SCN,CN,Th 2PMe 2 ) 133 
The formation of (75) indicates that the first step is nucleóphilic 
attack of X on a co-ordinated alkoxy group to give Ph 2 PO and MeX, 
followed by stepwise hydrolysis of some of the P(OMe)Ph2 groups. 












It is assumed that a similar mechanism would explain the 
formation of the analogous MS 2PR2 (Ph2PO)(Ph2 POW compound from 
reaction of M(S 2PR2 ) 2 with excess P(OR)Ph 2 although attempts to 
confirm this have been only partially successful. 	In an attempt to 
prepare the ionic complex [Pd(S 2PPh2 )(P(OMe)Ph 2 )1 BPh4 , NaBPh4 was 
added to a methanolic solution of Pd(S 2PPh2 ) 2 and P(OMe)Ph2 . 	An 
initial pale yellow precipitate was obtained but this rapidly turned 
brown. 	A comparison can be made with the reaction of Pd(s 2PPh 2 ) 2 
with excess PPh3 which gave only the neutral complex Pd(S 2PPh 2 ) 2PPh3 
and not the expected ionic complex [Pds2PPh2)(PPh3)21 
S2* 
Addition of NaBPh4 did yield the ionic species [Pd(s 2PPh2 )(pph3 )Bph4 
as a yellow solid but this was seen to decompose to a brown-black 
solid over a period of time. 
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The reason for the instability of the complexes 
[Pd(s 2PPh2 )(PPh3 ) 21 	(LzPPh3 ,P(OMe)ph2 ) could be due to a 
combination of the increased lability of palladium complexes with 
respect to platinum complexes, the decreased nucleophilicity of the 
diphenylphosphinodithioate ligand with respect to other dithio ligands, 
and the cis geometry of two bulky phosphine groups. 
One further reaction between Pd(S 2PPh2 ) 2 and P(OMe)Ph2 was 
studied briefly. 	This involved addition of excess P(OMe)Ph 2 to a 
dichloromethane solution of Pd(S 2PPh2 ) 2 followed after only 10 mins. 
by precipitation with diethylether to give a pale yellow solid. 
The 'H ninr spectrum consists of a doublet at 3.80 6 (P(OMe)Ph 2 ) and a 
multiplet in the aiomatic region (7.0 - 7.86). 
One possible explanation is the formation of the 1:1 complex 
Pd(S 2 PPh 2 ) 2 (P(OMe)Ph 2 ) which, as stated previously, is analogous to the 
product of the reaction of Pd(S 2PPh2 ) 2 with excess PPh3 . 	However, 	the 
i.r. spectrum gave no evidence for the. -presence of a unidentate 
Th 2PPh2 ligand 	i.e. there were no bands at 540 and 640cm 1 . 36 
Another explanation is the formation of 
Pd(S 2PPh2 )(Ph2PO)(p(OMe)ph 2 ) which is more likely in the light of 
the scheme 5.3 outlined for the reactions of Pt(s 2CNEt2 ) 2 with 
P(OMe)Ph2 . 
5.2.3 	Reaction of rvl(S 2 COR) 2 with P(OR' )Ph 2 (M=Pt,Pd;R=Et,'Pr, 
R'=Et,Me) 
Finally, it was of interest to examine the reaction of 
palladium (II) and platinum (II) xanthates with P(OR')Ph 2 . 	It was 
stated previously (5.1) that reaction of M(S 2 COEt). 2 with an excess 
of PR'3 yielded the neutral compound M(S 2 CO) (PR'3 ) 2 by initial 
formation of the ionic complex [ M(S 2COEt)(PPh3 )) S 2COEt followed 
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by nucleophilic attack by the xanthate ion on the alkoxy group of 
37 the co-ordinated xanthate. 	However, in the reaction between 
M(S 2 COR) 2 and P(OR')Ph 2 , after formation of the ionic intermediate 
there are two types of alkoxy groups which might undergo nucleophilic 
attack, and it is of interest to study the specificity of the reaction. 
Thus, reaction of Pd(S 2 CO' Pr) 2 in dichioromethane with an 
excess of P(OEt)Ph 2 gives an immediate red conducting solution which 
slowly turns yellow accompanied by a steady decrease in conductivity. 
Addition of diethylether/light petroleum (bp. 60 -80 °C) gives a non 
conducting yellow solid which analyses for Pd(S 2Co)(P(oEt)ph2 ) 2 . 
The infrared spectrum contains bands at 1690 (:s), 1618 (s) and 
1586 (w)cm characteristic of' ) co in dithiocarbonato complexes, but 
no bands between 1200 - 1300cm 1 attributable to S 2 CO 1Pr groups are 
observed. 	The 1H nmr spectrum consists of a triplet at 1.06 6(CH 3 ) 
and a field independent multiplet pattern at 3.796 (CH 
2 )(Fig.5.3). 
This complex pattern was similar to that reported for 
cis-PdCl 2 (P(OEt)Ph 2 ) 2 . 	The former multiplet appears to consist of 	a 
1:3:3:1 quartet of"pseudo-triplets" with 3 1 
HH  7.0Hz and r PH + 1 	6.5Hz whereas for cis-PdCl 2 (P(OEt)Ph 2 ) 2 a quartet of PHI
overlapping virtual coupling doublets was observed with 
3 HH = 13JPH + 5PH = 7.OHz. 134 The 31 P nmr spectrum 	 toni.  
decoupled) contains a single resonance at 116.626 . 	An analogous 
compound was prepared by reaction of Pt(S 2CO'Pr) 2 with P(oEt)Ph 2 . 
This evidence clearly shows that nucleophilic attack of the 
S2CO 'Pr ion occurs specifically on the co-ordinated S 2CO 1Pr propoxy 
group. 	There is no indication of further reaction of the products. 
For example, prolonged reaction of Pd(S2C0)(P(0Et)Ph2) 2 with 
P(OH)Ph2 did not result in the displacement of P(OEt)Ph 2 by free 
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Fig 	5.3 
111 nr spectrum of Pd(S 2 CO) (P(OEt)Ph2)2 (-CH
2 region only) 
I 	 I 	 I 
40 39 38 	37 	36 	3.5 ppm(5) 
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P(oH)Ph2 . 	Pd(S2CO 1Pr)(Ph2PO)(ph2pOH) can however be synthesised 
by reaction of [PdC1(Ph 2PO) (Ph2POH)j 2 with KS 9CO'Pr (1:2 molar ratio). 
Reaction of Pt(S 2C0Et) 2 with P(OMe)Ph 2 in dichioromethane 
also results in an increase in conductivity followed by a steady 
decrease. The non conducting white solid which was isolated on the 
addition of diethylether/pentane appeared from spectroscopic studies 
to be a mixture of compounds, 	i.e. nucleophilic attack has 
occurred at both the possible sites. 	It has been shown, therefore, 
that the nature of the R group determines the course of reaction. 	The 
fact that the ethyl group is eliminated less readily than the isopropyl 
group is consistent with-the greater stability of the isopropyl 
carbonium ion generated in the transition state. 
5.3 	Experimental 
Microanalyses, molecular weights and 31P nmr spectra were 
obtained as described in Chapter 3. 	I.r. spectra, conductivity 
measurements, 1 H nmr spectra and melting points were obtained as 
outlined in Chapter 2. 
Potassium tetrachloroplatinate(II) and palladium(II) 
chloride (Johnson - Matthey Ltd.,) NaS 2CNEt2 .3H20, NaBPh4 , 
Ph4AsCl.HC1 (BDH). P(OMe)Ph 2 , P(OEt)Ph 2 (Maybridge Chemical Company). 
NaS2PMe 2 .2H2O ''9 NH4S2PPh29 KS2CO1Pr8 	M(s2cNEt2)2110,M(s2PR2)2 
(R=Me 8 Ph37 ) and M(S 2CO 'Pr) 261 (M=Pd,Pt) were synthesised as 
described earlier. 
Infrared bands diagnostic of bidentate S 2PPh237 , S 2PMe 238 ' 
- 	 1 S2CNEt2 70  co-ordination are listed for each compound. 	H nmr and 
31 
nmr data for all the new compounds are listed in Tables 5.2 and 
5.3 respectively. 	Analytical data is given in Table 5.1. 
154 
5.3.1 	Palladium Complexes 
Dimethylphosphinodithioato (diphenylphosphinito) - 
diphenylphosphnous acid) palladium (II): 	Method A: 	An excess of 
P(OR)Ph2 (R=Me,Et) was added to a dichioromethane solution of 
Pd(S 2PMe 2 ) 2 and the solution was left to stand for 24h. 	The 
resulting pale yellow solution was then reduced in volume and 
diethylether added to give an off white microcrystalline precipitate. 
The product was filtered off, washed with diethylether and air dried. 
> PS2 582crn; ') 
P0 
 1010cm1. 
Diphenylphosphinodithioato (diphenylphosphinito) (diphenylphosphinous 
acid) palladium (II) - s) 32620570cm ;\) 0 1009cm ' and 
.(N,N-Diethyldithiocarbamato)(diphenylphosphinito)(diphenylphosphj.nous - 
acid) - palladium (II) \)CNl 5 l 4cm 1 \) ,P01017cm' were prepared by the 
same method using Pd(S 2PPh2 ) 2 and Pd(S 2CNEt2 ) 2 respectively. 
Method B: 	Pd(S2PMe 2 )(Ph2PO) (Ph2POH): NaS 2PMe2 .2H20 (0 .036g) in 
acetone was added to a dichioromethane solution of 
[Pdcl(Ph2Po)(Ph2Poi-)I 2  (0.13g) (2:1 molar ratio) and the resulting pale 
yellow solution shaken for 30 minutes. 	After filtering through 
celite to remove sodium chloride, addition of diethylether gave an 
off white precipitate which was filtered off and washed with water, 
methanol and diethylether. 	Pd(S2PPh2 )(Ph2PO): .(Ph 2POH), 
Pd(S 2CNEt2 )(Ph2PO)(Ph2POH) and Pd(S 2CO'Pr)(Ph2PO)(Ph2POH), ('i 0 1O2Ocm') 
were similarly prepared using NH4S 2PPh2 , NaS 2CNEt2 .3H20 and KS 2CO'Pr 
(1:2 molar ratio) respectively. 
(N,N- Diethyldithiocarbamato)bis-(methyldiphenylphosphinite)_ 
palladium (II) tetrapherylborate: 	An excess of P(OMe)Ph 2 was added 
to a suspension of Pd(S 2CNEt2 ) 2 in methanol, the resulting yellow - 
orange solution shaken for ca 30 mm. and then filtered into a 
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methanolic solution of NaBPh to give a sticky yellow precipitate. 
4 
Addition of diethylether and trituration of the solution gave a 
pale yellow microcrystalline solid which was filtered off and washed 
with diethylether \)CNl532cm' \?' 0 1030cm'..A.(1x10 3 M in CH2C1 2 ) 
40.OScm 
2 
 mol-1  
Bis-(ethyldiphenylphosphinite)(dithiocarbonato)palladium(II): 
An excess of P(oEt)Ph2 was added to Pd(S 2CO ' Pr) 2 in 
dichloromethane giving a red solution. 	The solution was then left for 
24h. during which time it turned yellow. 	Removal of some solvent 
under vacuo and addition of diethylether/light petroleum (bp. 60-80 0C) 
gave a yellow solid which was filtered off and washed with diethyl 
ether. %v) CO (2Th2CO) 1690 (s), 1618(s) 158w)cm. 
5.3.2 	Platinum Complexes 
Dimethylphosphinodithioato ( diphenyiphosphinito) - 
(diphenyiphosphinous acid)platinum (II): 	An excess of P(OMe)Ph2 was 
added to a dichloromethane solution of Pt(S 2PMe2 ) 2 and the solution 
was left to stand for 48h. 	The resulting very pale yellow solution 
was then reduced in volume and diethylether added to give a white 
precipitate. 	The product was filtered off, washed with diethylether 
-1  and air dried. \? 580cm ; \/01020cm -1  
(N,N-Diethyldithiocarbamato) (diphenylphosphinito) - 
(diphenylphosphinous acid)platinum (II): 	 wasCN 
prepared by the same method using Pt(S 2CNEt 2 ) 2 and P(OMe)Ph2 . 	This 
compound was also obtained by addition of P(OMe)Ph 2 to a 
dichloromethane solution of [Pt(S 2CNEt 2 )(P(OMe)Ph 2 ))Cl" and leaving 
for several days; 	by reaction of the same solution with NaS 2CNEt2 .3H20 
and P(OMe)'Ph2 (formed more rapidly) or by reaction of a 
dichioromethane solution of Pt(S 2CNEt2 )(Ph2PO)(P(OMe)Ph 2 ) with 
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P(OMe)Ph2 for 24h. 
(N,N- Diethyldithiocarbamato)biS(methyldipheflYlPhOSPhiflite) 
platinum (II) tetraphenylborate: 	An excess of P(OMe)Ph 2 was added 	to 
a suspension of Pt(S 2CNEt2 ) 2 in methanol to give a colourless 
solution. This was then added to a methanolic solution of NaBPh 4 to 
give a sticky white precipitate which on trituration with 
diethylether gave.a white microcrystalline solid. VCN1532cm', 
\) 0 1030cm; J\(ix1o 3M in dH2C1 2 ) 42.0 Scm2 mol 1 . 
(N,N - Diethyldithiocarbainato)(dipheflylphOSphiflitO)-
(methyldiphenyiphosphinite) platinum (Ii): 	An excess of P(OMe)Ph2 
was added to a dichioromethane solution of Pt(S 2CNEt2 ) 2 . 	Partial 
removal of solvent after 10 mm. and addition of diethylether/pentane 
gave a very pale yellow solid which was filtered off, washed with 
diethylether and pentane and air dried \)CN1530cm, \ ~ 01050cm1. 
This compound was also synthesised by reaction of 
NaS 2CNEt 2 .3H20 (0.05g) with a dichioromethane solution of 
t[pt(s2CNEt2 )(p(OIie)ph2 ) 2]Cl' (0.17g) (made in situ by reaction of 
[pt(s 2cNEt 2 ) (P(OMe)Ph2 ) 2] BPh4 with AsPh4Cl .HC1.) The mixture was 
left for 3 days and then, slow evaporation of the solvent gave the 
product as a microcrystalline pale yellow solid. 	If the solution 
of "[pt(S CNEt )(p(one)Ph  2) 2'Cl  11 was left for several days, some of 
this product could be identified on solvent removal. 
Bis_(ethyldiphenylphOSphiflite)(dithlOCarboflato)platiflUm(II) 
This compound was synthesised in exactly the same way as the 
corresponding palladium complex by reaction of Pt(S 2CO1Pr) 2 and 
p(oEt)Ph2. \1c0(S2CO)  1690(s), 1618(s), 1586 (w) cm. 
TABLE 5.1 
ANALYTICAL DATA FOR SOME Pt(Ii) and Pd(II) PHOSPHINITE COMPLEXES 
Found. (%) Reciired. (%) 
Complex C H N others 	M C H N others 
Pd(S 2PMe2 ) (Ph 	(Ph 2POH) 2PO) 49.1 4.2 - P,14.3 	550 49.2 4.3 - P114.7 	634 Pd,16.1 Pd,16.7 
5 7 1.0.3 S,1O.1 
Pd(S 2PPh2 ) (Ph 2PO) (Ph 2POH) 56.8 4.3 - 57.0 4.1 
Pd.(S 2CNEt 2 ) (Ph 2PO)(Ph2POH) 52.7 4.7 2,1 53.0 4.7 2.1 
Pd(S 2CO'Pr)(Ph2PO)(Ph2POH) 51.5 4.5 - 52.1 4.3 
[pd(5 2CNEt 2 )(P(OMe)Ph2 ) 2] BPh4 65.9 5.6 1.6 65.7 5.6 1.4 
Pd(S 2CO)(P(OEt)Ph2 ) 2 52.7 4.6 - 52.9 4.6 - 
Pt(S 2PMe 2 ) (Ph 2PO) (Ph 2POH) 43.4 3.9 - P 1 12.8 43.1 3.7 - P 1 12.9 S 1 9,2 S 1 8.8 
P-L(s 2aNEt 2 )(Ph2PO)(Ph2PoH) 46.9 4.4 1.9 758 46.7 4.2 1.9 766 
[Pt(S 2cIt 2)(P(OMe)(Ph2 ) 2 IBPh4 60.6 5.1 1.3 60,3 5.1 1.3 
Pt(S 2CNEt 2 ) (Ph 2PO)(P(OMe)Ph) 47.5 4.4 1.9 47.4 4.3 1.8 
Pt(s 2co)(P(oEt)Ph 2 ) 2 46.6 4.0 - 46.6 4.0 - 




1 llnmr DATA FOR SOME Pt(Ii) and Pd.) PHOSPHINITE COMPLEXES 
Complex CH3(d.ithio) CH2 (dithio) OR 	(R=Me,Et) Ph 
Pd(S2PMe2 )(Ph2PO)(Ph 2POH) 1.97(d) 
[6]a 7. 20-7.90(m) 120] 
Pd(S2FPh2 )(Ph2PO)(Ph2POH) 7.20-7.80(m) 
Pd(S2C]Et 2 )(Ph2PO)(Ph2P0H) 1.20(t) [6] 3.67(q) [4]b 7.20-7.90(m) f201 
)(P(OMe)Ph 	BPh4 1.07(t) [61 3.46(q)6 3.27(pt)c 	
[10]d 
6 . 80-7.90(m) [40) 
(s 2co)(P(0Et)Ph2 ) 2 1.06(t) 	6 	3.79(cpt)C [4] 7.20-7.80(m) [20] 
Pt(S2FMe2) (Ph 2PO) (Ph 2POH) 1.94(d) [6] 7.20-7.90(m) [20] 
Pt(S2GNEt 2) (Ph 2PO) (Ph 2POH) 1.20(t) [6] 3.52(q) [4]b 7. 20-7.90(m) [201 
[p-t(S 2CNEt 2)(P(OMe)Ph2 ) 2 ] BPh4 1.10(t) [6] 	.3.33(q) 
b 3.27(pt) 	[lo] 6.80-7.90(m) [40] 
Pt(S2CI'lEt 2 ) (Ph 2PO)(P(OMe)P.h2 ) 1.23(t) [61 3.52(q) [4]b 3.87(d) 	[3) 7.00-7.90(m) [20] 
3.56(q) 
ci = doublet, t = triplet, q = quartet, pt = pseudo—triplet, m = multiplet 
a) 
 
2j PH = 12.0z; b) 3J = 7.0Hz; c) 13JPH +  PH= 12.0Hz; ci) [10]is total relative inensity 
of methylene quarteic and methoxy pseudo triplet because the resonances are too close to integrate 




31 Pnmr DATA FOR SOME Pt(II) and PII)OSPHINITE COMPLEXES 
value 
Complex SR2 Ph0H0PPh2 P(OR)Ph2 	 - 	Ph2P 
Pd.(S2FMe2) (Ph 2PO) (Ph 2FOH) 84.29(t) 	[i] 8320(d)a) [2] 
Pd(S2PPh2 ) (Ph 2PO) (Ph 2FOH) 78.66(t) 	[iJ 83.46 (d) 	[2] 
Pd(s2cEt2 ) (Ph 2Po)(Ph2P0H) - 84.50(s) 
Pd.(s2co)(P(oEt)Ph2 ) 2 116062(s) 
Pt(S2PMe2 ) (Ph 2PO) (Ph 2POH) 88.38(t.t) ° 	[ iJ 59.1 l(t.d)dP e)[21 
[Pt(S2CNEt 2 )(P(OMe)Ph2 ) 2 ] BPh4 94,20(t) 
Pt(S2C:NEt2) (Ph  2P0)(P(oM)P2)) 94,14(t.d)zPi) 	[i] 	38.89(t.d.)6k) 
s singlet; d = doublet; t = triplet 
a) 3J = 7.4Hz b) 3J = 6.7Hz c) 1  1 	 = 178.8Hz d )PP 
f) 13Ptp  37490Hz g) measured at 223K:-. at 303K, Ph2Po- 
weaker than P(OMe)Ph2 resonance which is possibly a r 
times in these groups. h) 1 iptp = 4212.3Hz i) 2J =
PP 
k) 2J = 27.7 Hz.PP 
= 3690Hz e) 3J = 9.2Hz 
resonance appears broader and 
eflec-tion of the different 3 ' relaxation 
28.0Hz j) 1Jp-tp = 3264.8 Hz 
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